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Willow Creek Dam is located in a unique region on the boundary of a confined 
aquifer, where artesian conditions exist.   Recently, groundwater levels have exceeded the 
elevation of the downstream berm well above anticipated piezometric elevations.   It was 
presumed from limited evidence that these high piezometric levels resulted from pressure 
in the aquifer rather than from seepage out of the reservoir.   The purpose of this 
investigation was to determine the relative contributions of the reservoir and the regional 
groundwater to observed piezometric levels and how these levels affect seepage exit 
gradients and slope stability of the dam. 
Comparing the head levels in shallow and deep piezometers at the dam, the 
seepage is shown to originate from the regional aquifer and to flow upwards.   The head 
in the groundwater exceeds the reservoir elevation, and the reservoir elevation has little 
influence on local phreatic elevations.   The largest annual fluctuations in the 
groundwater levels result from local irrigation pumping.   Influences of irrigation wells 
were quantified using a well influence statistic derived for this study.   This statistic was 
found to be the best predictor of variation in groundwater elevations at the dam.    
Using a finite element analysis program, it was shown that the regional aquifer 
provides all the flow into the relief well system and solely contributes to the exit 
gradients long the downstream toe.   Flow rates in the dam’s 27 pressure relief wells were 
found to be less than the flow rates when the reservoir was first filled, even though 
piezometer levels are much higher now.   This points to a need to redevelop the pressure 
relief wells.   Resulting higher relief well flow will decrease the piezometric levels at the 
dam and will result in reduced exit gradients.   Local and global slope stability was not 
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Willow Creek Reservoir lies along the downstream boundary of a confined 
aquifer at a location where artesian conditions exist.   The reservoir, which consists of a 
6,585-acre-ft pool and 58-foot tall earth dam, has been a concern ever since its opening in 
1983.   Several studies have attempted to associate high groundwater levels in the region 
with the storage of water, with limited success.   Groundwater levels at the dam have 
exceeded the elevation of the downstream berm and anticipated piezometric levels.   
Boils have also been found along the toe of the berm indicating high seepage exit 
gradients.   Concerns over the safety of the dam and questions as to the source of the 
boils still exist.   Prior investigations have indicated that the groundwater, not the 
reservoir pool, may be the problem.   This study was undertaken to determine the source 
of the high groundwater at the dam, the relationship between the groundwater and the 
reservoir and their contributions to the seepage and stability of the dam, along with 
possible remediation.    
 
1.2   LOCATION  
Willow Creek Reservoir is located one mile southwest of the town of Pierce, 
Pierce County NE, between 851 Road and 853 Road along Willow Creek.   The dam is at 
Latitude: 42o 10’ 48”, Longitude: 97o 33’ 38”.   Its location relative to the towns of Pierce 
and Norfolk is shown in Figure 1.1. 
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Figure 1.1: Willow Creek Reservoir Site Location 
The dam sits a mile and a half upstream of the confluence of Willow Creek and the North 
Fork of the Elkhorn River, which is a tributary to the Platte River.   The reservoir covers 






2.1   GEOLOGY 
Pierce County lies in an area with two regional aquifers separated by a confining 
zone.   Underneath most of the recent Quaternary period deposits of eolian sand, Peoria 
loess, and the Loveland formation, lies a thin layer of paraglacial blue clay that confines 
the top of the Ogallala aquifer (See Figure 2.1).   Willow Creek reservoir is located in a 
unique place were the blue clay layer ends, and the aquifer goes from confined to 
unconfined. 
The ground surface at Willow Creek Reservoir is composed of Thurman-Ortello-
Boelus, Crofton-Nora-Moody, and Elsmere-Ovina-Loup soil associations deposited in the 
Quaternary period.   The Thurman-Ortello-Boelus association exists in the eolian sand on 
the uplands and consists of sandy and loamy soils. The Unified Soil Classification 
System classifications are CL in Boelus, with SP, SC, and SP-SM making up most of the 
Thurman and Ortello areas.   The Crofton-Nora-Moody association is located on the ridge 
tops in the Peoria loess. The soil in the Crofton-Nora-Moody association is all classified 
as CL.  The Elsmere-Ovina-Loup association is located in alluvium and eolian sand and 
is composed of sandy loamy soil classified as SM, SC, and SP-SM.   Generally at Willow 
Creek, the eolian sands overly Peoria loess which is over Loveland loess, but there may 
be areas absent of one or more of the formations.   Images of the three soil associations 
can be found in Appendix A, from the Soil Survey of Pierce County, Nebraska15. 
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Figure 2.1: Willow Creek Reservoir Soil Profile6 
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Below the quaternary deposits is the blue clay that was left by the Wisconsin 
glacial outwash.   The clay has many fractures scattered over the entire deposit.   The 
blue clay acts like a confining layer under part of the drainage and varies in thickness 
from 0 to 160 feet, with an average of about 80 feet.   Below Willow Creek Reservoir, the 
blue clay is less than 10 feet thick  and terminates in a “C” like shape under the dam, 
being present under both abutments but not under the center of the dam8. 
Beneath the blue clay is a thin layer of alluvium deposited above the glacial 
outwash that is roughly 20 feet thick8.   The alluvium is stream deposited and composed 
of sandy silt. 
Glacial outwash makes up the upper part of the Ogallala formation.   The outwash 
is glacial till re-deposited by melted water from the most recent (Kansan) glacier that 
covered the region.   It is fairly permeable material composed primarily of silty sand.   At 
Willow Creek Reservoir, the average thickness of the outwash/till is about 90 feet17. 
The Ogallala formation is the primary aquifer in the region consisting of 
sediments transported from the Rocky Mountains by a network of streams during the 
Tertiary period.   Unconsolidated sands and gravels make up a large portion of the 
formation with minor deposits of silts and clays.   The Ogallala formation provides the 
main source of groundwater for the region with thicknesses ranging from 100 to 250 feet. 
Below the Ogallala aquifer lies a layer of Pierre shale that separates the Ogallala 
from the Niobrara formation.   The shale acts as a confining layer allowing the Ogallala 
to act independently of the Niobrara.   The shale was formed during the cretaceous period. 
6 
The oldest, the Niobrara formation  formed in the Cretaceous period, is about 
200ft. below ground and spans the eastern half of Nebraska.   The formation is mostly 
shale-chalk and serves as a secondary aquifer at shallow depths or where it has fractures13.    
 
2.2   PRECIPITATION  
Precipitation data were gathered for the area near Willow Creek Reservoir at 
Pierce and Norfolk, and the individual and collective trends from the recent and historic 
past were examined. Precipitation both fills the reservoir and recharges the aquifer, at 
differing rates.   Knowing when and how much recharge is expected to contribute to 
either bodies of water is important in understanding the fluctuations. 
The monthly mean/median precipitations were gathered from observations in 
Norfolk Nebraska, 15 miles to the south.   Figure 2.2 shows a maximum average monthly 
precipitation in June of 4.25 inches and a minimum average monthly precipitation of 0.5 




Figure 2.2: Norfolk, NE AP 1971-2000, Monthly Mean and Median Precipitation 
The total precipitation from 2004 through 2010 was recorded at Pierce County CO-OP 
and is displayed in Table 2.1.   Precipitation distribution plots by year are shown in 
Appendix B. 
Most values lie within one standard deviation (±6.16) of the mean of the seven 
year sample, except for 2007 which is within three standard deviations of the mean.   
Precipitation for the years 2004 and 2009 were below average, with 2007 well above 
average.   It would be expected that the reservoir and groundwater levels during 2007 

























Precipitation Mean Precipitation Median 
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TABLE 2.1 


















3.1   REGIONAL GROUNDWATER  
The groundwater elevations of the Ogallala aquifer were examined to see how 
both the regional and local water levels changed over the past 40 years, to help predict 
future levels and trends.   The data from USGS observation wells were obtained from the 
USGS website18.   Most of the wells were located north and west of the reservoir, which 
is upstream in the groundwater flow.   The location of each well is shown in Figure 3.1 
and listed in Table 3.1.    
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Figure 3.1: Observation Well Locations 
11 
TABLE 3.1 
OBSERVATION WELL IDENTIFICAITON AND LOCATION 
Observation Well 
Number Site Name Latitude Longitude 
422039098005901 27N 6W 4ACD 1 42o20'39" 98o00'59" 
421721097593601 27N 6W 27AO 1 42o17'21" 97o59'36" 
421534097572301 26N 6W 1ABD 1 42o15'34" 97o57'23" 
420906097524201 25N 5W 10DBD 1 42o09'06" 97o52'42" 
421207097483000 26N 4W 29BDBB1 42o12'07" 97o48'30" 
421602097520501 27N 5W 35CAC 1 42o16'02" 97o52'05" 
422026097490500 27N 4W 6DACC1 42o20'26" 97o49'05" 
422118097461000 28N 4W34CACC1 42o21'18" 97o46'10" 
421421097433700 26N 4W12CADD1 42o14'21" 97o43'37" 
422117097343300 28N 2W32CCAA1 42o21'17" 97o34'33" 
422024097343300 27N 2W 5CCAA1 42o20'24" 97o34'33" 
421934097392000 27N 3W10CACC1 42o19'34" 97o39'20" 
421745097383801 27N 3W22DDBC1 42o17'45" 97o38'38" 
421708097364100 27N 3W25DBBB1 42o17'08" 97o36'41" 
421624097394801 27N 3W33AD 1 42o16'24" 97o39'48" 
421026097403000 25N 3W 4BACC1 42o10'26" 97o40'30" 
421751097295100 27N 2W24CACC1 42o17'51" 97o29'51" 
421541097343300 26N 2W 5BBDD1 42o15'41" 97o34'33" 
421241097313500 26N 2W22DACB1 42o12'41" 97o31'35" 
421146097335400 26N 2W29DACC1 42o11'46" 97o33'54" 
420918097363200 25N 3W12DBAB1 42o09'18" 97o36'32" 
420958097332400 25N 2W 4CCAA1 42o09'58" 97o33'24" 
 
Most of the well elevations followed a cyclical trend like that shown in Figure 3.2.   
In the mid 1970’s the groundwater was at a low and steadily increased to a 3-year peak 
beginning in 1983 before dipping down to another low.   Over time, the same trend 
continued, but in each new cycle the lower and upper bounds rise, bringing the average 
elevation up from the previous cycle.   The average rate of increase for the regional 
12 
aquifer near Willow Creek Reservoir is 3.7E-4 feet-per-day with variations throughout 
the region.   Near Willow Creek Reservoir, maximum groundwater levels vary on the 
north, south and west sides from 1,619 to 1,637 feet.   Individual data plots from each 
well are shown in Appendix C. 
 
Figure 3.2: Typical Groundwater Elevation Plot 
The cyclical groundwater changes shown in Figure 3.2 have a period of 
approximately eleven years.   The oscillations appear to follow the sun spot cycle which 
is a periodic change in the amount of radiation experienced on the earth from the sun 5.   
When there is little sunspot activity, the groundwater is at its peak and lowest when 
sunspots are most active.   In Figure 3.3, the sun spot cycle is shown from 1880 to 2010.   













































































































Individual Day Data 7 Year Average 
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1960 the intensity seems steady, with some slight changes to the shape that affects the 
intensity duration at different latitudes. 
 
 
Figure 3.3: Sunspot Activity5 
Extrapolating the cycle, groundwater levels should begin to decrease in 2012 and 
continue to decrease until about 2015 when the water levels will increase.   The cycle is 
not the exact same duration for each period as shown in Figure 3.3 and may change the 
highs and lows by a year or so. 
 
3.2   LOCAL GROUNDWATER 
At Willow Creek Dam, over the last 5 to 10 years, piezometric levels have been 
higher than anticipated by the Lower Elkhorn Natural Resource District, regularly 
exceeding the elevation of the downstream berm.   Some piezometers have water flowing 
out of their standpipes.   At the toe of the downstream berm, marsh-like conditions exist, 
produced by an upward groundwater gradient.   Boils have formed along the toe of the 
dam during some springs and summers, disappearing in the fall and winter.   To address 
the speculation that the reservoir was causing the high phreatic levels and exit gradients, 
the piezometer data were examined. 
14 
Piezometers located along the dam crest, top of the downstream berm and toe of 
downstream berm were monitored over time to collect data on groundwater elevations.   
The data were gathered by the Lower Elkhorn Natural Resource District during regular 
visits since 1986.   The Piezometers were installed in two groups the first being 
Piezometers WILP-1 through WILP-13, installed at the end of construction in 1983, and 
the second being WILP-14 through WILP-25, installed in 1985.   The first 13 
piezometers were located either on the crest or downstream slope of the dam, and the last 
12 were placed along the downstream berm.   Piezometers 12 and 13 were placed in the 
dam’s chimney drain and have either not had water levels high enough to be noticeable or 
have not been recorded during observations.   A location map of the WILP Piezometers is 





































WILP-1 1520 1628.1 1626 Deep North 
WILP-2 1576.5 1612.5 1610.9 Shallow North 
WILP-3 1576.5 1647.8 1647.6 Shallow North 
WILP-4 1519.5 1646.7 1647.6 Deep North 
WILP-5 1520 1611.6 1611.4 Deep North 
WILP-6 1568.5 1612 1610.9 Shallow South 
WILP-7 1519.5 1615 1610.9 Deep South 
WILP-8 1570 1647.4 1647 Shallow South 
WILP-9 1520 1647.1 1647 Deep South 
WILP-10 1569 1611.8 1611 Shallow South 
WILP-11 1570 1621.7 1628 Shallow South 
WILP-14 1535.8 1612.5 1610.5 Deep North 
WILP-15 1580.9 1612.6 1610.5 Shallow North 
WILP-16 1534.3 1614.2 1610.5 Deep North 
WILP-17 1569.7 1611.4 1610.5 Shallow North 
WILP-18 1540.8 1612.5 1610.7 Deep North 
WILP-19 1570.8 1612.5 1610.7 Shallow North 
WILP-20 1540.3 1617 1610.5 Deep South 
WILP-21 1580.3 1612 1610.5 Shallow South 
WILP-22 1540.1 1616.9 1610.5 Deep South 
WILP-23 1580.4 1612.1 1610.5 Shallow South 
WILP-24 1541.3 1613 1610.5 Deep South 








At various times, piezometers WILP-6, 7, 10, 16, 20, 22, and 24 have had 
extensions added to allow the piezometers to contain the water level.   Several 
Piezometers still have higher water levels than the top-of-pipe elevations, with water 
running out the vent holes.   This condition has prevented the Lower Elkhorn Natural 
Resource District from accurately reading the water level.   To estimate the head 
elevation in those piezometers, both Bernoulli and the distance equations were used.   
Bernoulli’s equation is modified to find the total head by summing the pressure, velocity, 
elevation, and loss heads (Equation 1).   The center of the vent hole on the outside edge 
of the pipe was used to calculate the total head.   The pressure at this point is zero and the 
elevation head is set to the elevation of the vent hole.   The only head loss considered is 
that of the vent hole exit shape which is a drilled hole with no smoothing.   The exit head 
loss coefficient, Kl, due to the sharp change in direction was determined to be roughly 0.5.   






+ 𝑧 + 𝐾𝑙
𝑣2
2𝑔
    (1) 
   p=Pressure (lb/ft2) 
   γ=Unit Weight (lb/ft3) 
   v=Velocity (ft/s) 
   g=Gravity Acceleration (ft/s2) 
   z=Elevation Head (ft) 
   Kl=Exit head loss coefficient 
Equation 1, reduces to 
𝐻 = 𝑧 + 1.5 𝑣
2
2𝑔
     (2) 
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The exit velocity can be determined by the lateral distance of the water flowing from the 
piezometer and the time it takes to reach the ground. The time it takes the water to reach 




𝑔(𝑡)2      (3) 
y=Vertical Elevation (ft) 
   g=Gravity Acceleration (ft/s2) 
   voy=Initial Vertical Velocity (ft/s) 
   yoy=Initial Vertical Elevation (ft) 
   t=time (s) 
 
The times from Equation 4 and the distance the water travels horizontally from each 
corresponding piezometer reading are set into the horizontal distance equation (Equation 
4) to find the exit velocities.   Horizontal declination is negligible since the distance is 
small (less then five feet).   The exit velocities are then utilized in Equation 2 to 
determine the total head of piezometer reading. 
𝑥 = 𝑣𝑜𝑥(𝑡)      (4) 
   x=Horizontal Distance (ft) 
   vox=Initial Horizontal Velocity (ft/s) 
   t=time (s) 
The water levels in each piezometer are recorded roughly every month except 
during the winter season where no observations occur, with the exception of the year 
2010 when they were read about 2 or 3 times.   All the WILP data tables are shown in 
Appendix D. 
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The WILP piezometer measurements were compared by location along the dam 
and by depth below the dam.   Location along the dam was considered primarily to find if 
there were areas with greater seepage.   The locations of the piezometers were divided 
into north and south and are shown in Figure 3.4.   Piezometer depth was considered to 
determine where the groundwater was coming from; i.e., a local or regional source.   The 
general elevation pattern was also of interest.   The piezometers were identified as either 
deep or shallow depending on base elevations above or below 1568ft, which is roughly 
the separation between the alluvium and glacial outwash.   The shallow piezometers are 
all set in or near the alluvial deposit, whereas the deep wells are in the glacial outwash.   
Several locations have pairs of piezometers, one being shallow and the other deep to 
characterize both soil formation conditions. 
The depth of the source of the groundwater was considered at first.   To do this, 
the average measurements of the shallow and deep piezometers were compared.   The 
averages plotted together are shown in Figure 3.5.    The plot shows the deep piezometers 
average 4-feet of head more than the shallow ones.   The higher head levels in the deep 
wells indicate that water supply beneath the dam is probably regional rather than from the 
reservoir.   The higher head levels in the outwash deposit also indicate that the 
groundwater is flowing upward. 
Considering the general trends in piezometric levels in Figure 3.5, the water levels 
can be divided into four parts.   The water levels from 1986 to 1992, 1992 to 1995, 1995 
to 2006, and beyond 2006.   At the beginning of the recorded data, the groundwater levels 
fluctuated roughly four feet between late spring and fall and have a slight downward 
trend.   The readings came during a sunspot period and local irrigation well development 
20 
may have also contributed.   In 1992 the water levels started to rise and created an 
abnormal spike in 1993 and early 1994.   This is attributed to flooding that occurred in 
the region.   After 1995, the groundwater levels stabilized and remained fairly constant.   
In the summer the deep wells peak one foot above the downstream berm elevation of 
1,611 feet.   After 2006, the water levels show a slight rise.   This occurred during a time 
with little to no sunspot activity.   The water levels after 2006 also fluctuated more 
between the beginning and end of the agricultural season.   Recent average deep 
piezometer water elevations have topped 1,614 feet, three feet above the berm elevation 
which is one third of the dam’s height. 
 




















Deep Wells Shallow Wells Deep 7 Year Avg Shallow 7 Year Avg 
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Comparing the shallow and deep piezometers further, a plot was created to look at 
the difference in the groundwater movement between both piezometer levels by date.   
The piezometers closer to the water supply will be more sensitive to the changes in the 
water pressure head than the wells further away.   A linear relationship between the 
shallow and deep piezometers from Figure 3.6, it can be seen that the deep piezometers 
fluctuating 8 percent more than the shallow.   This linear relationship shows that the 
shallow and deep wells are affected by the same source the same way but by different 
magnitudes.   The difference in movement reinforces the idea that the groundwater is 
being supplied by the regional aquifer.    
 
Figure 3.6: Shallow and Deep Piezometer Relationship 
The locations of the piezometers were examined to check for consistency among 
regions of the dam.   In particular, two groups of piezometers were observed where data 
y = 1.087x - 136.82 



































Shallow Piezometer Total Head Elevation (ft.) 
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represented the downstream cross section of the dam and profile.   Wells 8, 9, 22, 23, 24, 
and 25 made up the south group, and wells 3, 4, 16, 17, 18, and 19 formed the north 
group.   Two wells in each group are located at the crest, two at the bottom of the 
downstream slope, and two near the middle of the downstream berm.   As mentioned 
earlier, each pair of wells has a shallow and a deep well.   From the data there was not a 
significant indication that location along the longitudinal run of the dam made a 
significant difference.   The piezometric comparisons show that the water levels near the 
pressure relief wells are lower than upstream locations.   The water levels on the center of 
downstream berm are higher than those near the relief wells but lower than those on the 
crest.   This is expected because of the direction of flow and the function of the pressure 
relief wells.   Results shown in Figures 3.7 and 3.8 demonstrate that the pressure relief 
wells are reducing the groundwater head at their locations with a slight rebound 




Figure 3.7: Willow Creek South Side of Dam Shallow Piezometers12 
 
















































































































































































































P-3 (Crest) P-19 (Berm) P-17 (Toe) 
 
CHAPTER IV 
DAM AND RESERVOIR 
 
4.1   DESIGN AND CONSTRUCTION 
Initial planning for Willow Creek Reservoir started in the late 1960’s and early 
1970’s.   The purpose of the reservoir was to provide flood protection for Pierce and 
other communities downstream on the North Fork of the Elkhorn River and on the 
Elkhorn River.   The reservoir was to be placed on Willow Creek, slightly upstream of 
the confluence of Willow Creek and the North Fork of the Elkhorn River.   HWS was 
responsible for the preliminary engineering design and investigation.   Henningson, 
Durham and Richardson Inc. did the final engineering and design. 
Before construction of Willow Creek Reservoir, Dr. Larry Lewis of the 
University of Nebraska-Lincoln was hired to predict the effects of the reservoir on the 
regional groundwater.   Dr. Lewis concluded that the reservoir would produce a water 
mound with a radius of roughly 3 miles around the reservoir.   The water mound would 
increase the groundwater table, causing a change in the directional groundwater flow, but 
not to a degree that would harm surrounding farmland.   Construction of Willow Creek 
dam began in August of 1982 and was completed in October of 1983. 
   The dam is an earth structure, 2,930 feet long, 58 ft. tall, with a 1,000-foot-wide 
divided auxiliary spillway.   Initially the auxiliary spillway was to be one channel but it 
was speculated that it might allow for standing waves, so a small splitter dike was added 
to separate it into two 500-foot channels.   The spillway has a concrete sill running across 
its crest for erosion prevention.   There is no level section.   The spillways maximum 
25 
discharge is 39,900 cubic feet per second.   The reservoir has a normal storage capacity of 
6,585 acre-feet with a maximum of 30,300 acre-feet.   The dam was designed to have a 
low permeability core with a higher permeability shell to provide strength for erosion 
prevention.   A chimney drain was located off center on the downstream side, connected 
to a pressure relief system.    A berm is located on the downstream face to reduce the 
flow of water under the dam, decrease the exit gradient near the downstream slope, and 
protect the dam from slope stability failures.   The upstream face has a sloping berm with 
a gravel surface to provide a beaching slope during periods of low reservoir levels.   
There is a blanket of low permeability material that extends approximately 170 feet 
upstream from the upstream toe.   A plan and cross sections view are shown in Figures 
4.1 and 4.2. 
The dam contains a 30-foot-tall rectangular concrete riser leading to a 72-inch 
steel cylinder concrete pipe principal spillway with a maximum flow of 1,200 cubic feet 
per second. The principal spillway maintains a normal pool elevation of 1626 feet.    
Along the downstream toe of the dam is a pressure relief system.   The pressure 
relief well system consists of 27 wells screened at varying depths in the glacial outwash 
and connected to a collector pipe system with two outlet drains.   The chimney drain 
discharges into the same two drain outlets.   A profile of the relief wells with respect to 
the dam is shown in Figure 4.3.   The wells are constructed of PVC pipe slotted in the 
glacial outwash and sealed above it.   The slotted sections of the pipes are surrounded by 
granular filter pack.   The wells, spaced at 80 feet, have plastic caps and are set in the 
ground, protected by iron manhole covers. 
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Figure 4.1: Willow Creek Dam Plan View6 
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Figure 4.2: Willow Creek Dam Typical Cross Section6 
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Figure 4.3: Willow Creek Dam Profile6  
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4.2   RESERVOIR 
Following the local groundwater analysis, the relationship between the reservoir 
and the groundwater underneath the dam was considered.   It has long been believed by 
local residents that the high groundwater around the reservoir and boils at the toe of the 
berm were caused by the storage of water in the reservoir.   An investigation done by 
HWS in 1984 looked at the effects of the pooled water on an area located just north of the 
reservoir.   The investigation used data gathered from piezometers located north of the 
dam to determine if there was an identifiable water mound that had formed.   Also during 
the investigation, boils were observed in the reservoir.   This would be possible only if 
the groundwater below the reservoir had a head greater than the pool elevation.   From 
the piezometer data collected, it was determined by the investigator that the high water 
levels in the region were not caused by the dam.   Additionally, there was no evidence of 
a water mound.   The report concluded that there was no evidence to suggest the reservoir 
had any impact on the groundwater in the area and also concluded that the area in which 
there was seepage was probably due to a hole in the blue clay. 
Using the conclusions from the 1984 HWS report as a starting point, reservoir 
pool elevations, recorded by the Lower Elkhorn Natural Resource District were gathered 
and plotted in Figure 4.4, the data are shown in Appendix E.   The water elevation in the 
reservoir is controlled by the difference in inflow and outflow from the reservoir.   
Outflow from the reservoir includes evaporation, seepage, and water flowing through the 
primary spillway.   Primary spillway flow only occurs when the reservoir pool elevation 
is above the normal pool elevation.   Seepage from the reservoir varies based upon the 
local groundwater elevation and the pool elevation.   Inflow into the reservoir comes 
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from local runoff and infiltration.   The runoff accumulates from precipitation that enters 
the reservoir either from stream flow or direct runoff.   The infiltration occurs from both 
shallow and deep water sources.   The shallow infiltration is connected with local 
precipitation whereas deep infiltration comes from high pressure heads in the aquifer 
under the reservoir that cause seepage through the confining blue clay.  
 
Figure 4.4: Willow Creek Reservoir Pool Elevations from 2004 through 201112 
Looking at the reservoir levels in Figure 4.4, there appear to be two sections with 
different trends.   The first section occurred from 2004 through 2006, the second section 
since 2007.   From 2004 through 2006, the reservoir water level showed large losses in 
the summer and fall, followed by gains in late winter and early spring.   The water 
elevation fluctuated as much as five feet in any given year.   In 2007 the water level 






































































drops.   To understand why the reservoir behavior changed, precipitation was first 
examined.   Rainfall from 2004 through 2010 was consistently above average with an 
abnormally high rainfall of 43.43 inches in 2007 (Table 2.1), this may have contributed to 
the change in pool level that year.   The reservoir levels also were compared to 
precipitation both from daily to monthly averages with no correlation.   From 
precipitation data, there is no apparent reason why the reservoir levels change.   With the 
lack of precipitation correlation to reservoir levels, the relationship between the reservoir 
elevation and groundwater levels was investigated.   
Using the reservoir levels and piezometer elevations, a comparison was made 
between the changes of each.   Figure 4.5 displays the reservoir and average piezometer 
elevations plotted on the same graph with their elevations plotted on separate vertical 
axes.   The reservoir elevation is displayed on the left side and the piezometers elevations 
on the right side.   The vertical scales have been shifted to allow for comparisons of the 




Figure 4.5: Comparison between Reservoir and Piezometer Levels12 
From 2004 to 2006, the groundwater elevation changes led those of the reservoir.   
After 2006, the changes occurred more nearly simultaneously, but the small changes in 
reservoir elevations present more precise determinations.   The groundwater levels 
leading the reservoir levels are evidence of the reservoir being affected by the 
groundwater.    
To further examine the possibility of the groundwater influencing the reservoir 
levels, reservoir and groundwater water levels of the same dates were plotted against each 
other in Figure 4.6.   The data were selected from the dates where the pool level was 
below the normal elevation to exclude the flow from the outlet.   Groundwater levels used 
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hysteresis loop of data points.   To see which way the reservoir moved as the 
groundwater rose and dropped, the data were separated by whether the groundwater was 
rising or falling from it’s prior measurement., the results are in Figures 4.7 and 4.8. 
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Figure 4.7: Reservoir and Shallow Piezometer Relationship with Falling 
Groundwater Levels 
 
y = -0.3384x2 + 1088.1x - 872988 
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Figure 4.8: Reservoir and Shallow Piezometer Relationship with Rising 
Groundwater Levels 
The two figures show distinctly different relationships during rising and falling 
levels.   In both cases, groundwater changes are larger than reservoir changes as a rising 
or falling trend begins, with reservoir changes gradually equaling (or exceeding) the 
groundwater changes.   The relationship between the points and the best fit lines are 
closely related with 0.8385 and 0.9706 correlation coefficients.   The results lead to the 
conclusion that the reservoir is, in fact, very much impacted by the aquifer.   Since the 
groundwater levels upstream of the dam are high and are expected to say at their current 
levels, it can be concluded that the reservoir has only a small impact on the groundwater.   
This was found to be the case earlier in the life of the reservoir when there was no water 
y = 0.2653x2 - 851.93x + 685460 
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mound detected around the lake.   If the groundwater levels under the reservoir drop 
below the pool level, some downward flow maybe expected. 
 
4.3   PRESSURE RELIEF WELLS 
To investigate the seepage regime under Willow Creek dam, the pressure relief 
well velocities were measured.   The location and magnitude of the well velocities were 
of particular importance in identifying the vertical and horizontal distribution of the 
origins of the water entering the pressure relief system. 
The pressure relief wells were installed during the reservoir’s construction to 
prevent excess seepage gradients (pressure to come from the pool and aquifer) from 
creating an unstable condition along the downstream toe of the dam.   Before 
construction, it was known that the dam was to be in an area where the aquifer 
transitioned from confined to unconfined conditions1.   Due to the naturally high pre-
construction head in the outwash zone of the aquifer, it was believed that the stability of 
the dam would be threatened.   The fact that the relief wells would create a direct path for 
the water to move into the alluvium above, was not considered. 
The pressure relief wells are located along the upstream edge of the seepage berm 
at 80-foot spacing as seen in Figures 3.4 and 4.2.   The wells are screened throughout 
their full length.   Each well is numbered 1 to 27 from north to south.   A profile of the 
wells and an estimate of their original lengths is shown in Figure 4.3.   The depths of the 


















1 99 10 77 19 72 
2 99 11 76 20 66 
3 95 12 71 21 69 
4 89 13 71 22 48 
5 81 14 74 23 69 
6 78 15 72 24 --- 
7 81 16 71 25 73 
8 55 17 71 26 42 
9 77 18 72 27 82 
 
Velocity profiles have been used in the past to determine the permeability of 
different geological layers and locations of fissures at sites of interest 2.   At Willow 
Creek Dam, groundwater velocity profiling was used to determine the magnitude of the 
groundwater seepage under the dam.   To measure the groundwater velocity, a flowmeter 
was lowered into the relief well and measured at set elevations or over the complete well 
length the vertical velocities of the water in the well.   In this case, the flowmeter was 
lowered in 2-foot intervals.   If the velocity increases as the flowmeter is lowered and set, 
the well is receiving more water.   If the velocity decreases, then water is flowing out of 
the well. 
The pressure relief system was first examined as part of the 1987, safety 
inspection9.   The inspectors used an electromagnetic flowmeter FLOW-MATE 2000 
made by Marsh-McBirney to measure the vertical velocities in each well at set intervals 
over the full well depths.   The results of those measurements are shown in Appendix F.   
A summary of those results is shown in Table 4.2.   In each relief well, the velocities 
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peaked near the base and remained constant throughout their entire depths.   The relief 
wells nearest the spillway: R7, R9, R10, and R11, had the greatest maximum velocities, 
each above 3-feet-per-second.   Relief wells: R22, R23, and R24 had the lowest 
maximum velocities, each below 1-foot-per-second.   The drainage system including the 
chimney drain and the relief wells, had a measured total outflow of 8.19 cubic-feet-per-
second.   The high upward flow rates in the relief wells showed that the relief wells were 











1 0 0 
2 0 0 
3 0 0 
4 1.12 0.22 
5 2.13 0.418 
6 2.9 0.569 
7 3.8 0.746 
8 --- --- 
9 3.05 0.599 
10 3.4 0.668 
11 2.7 0.53 
12 1.65 0.324 
13 1.82 0.357 
14 1.9 0.373 
15 2.33 0.457 
16 2.1 0.412 
17 0.96 0.188 
18 1.8 0.353 
19 1.72 0.338 
20 1.72 0.338 
21 1.61 0.316 
22 0.7 0.137 
23 0.78 0.153 
24 0.24 0.047 
25 0 0 
26 0 0 




4.4   CURRENT SITE INVESTIGATION 
A search was conducted to find the type of flow meter that would be best to use 
on Willow Creek Dam.   Three flow meter types were considered: spinner, thermal-pulse, 
and electromagnetic.   The flow meter that was chosen was an electromagnetic Marsh-
McBirney FLOW-MATE 2000 (See Figure 4.9).   This flow meter was selected due to its 
low cost, its ease of use, and the ability to compare current results to the field 
measurements of 1987 which used the same flow meter.   The flow meter was rented for 
the project. 
 
                                                    Figure 4.9: FLOW-MATE 2000 
The Marsh-McBirney FLOW-MATE 2000 consists of a small light-bulb-shaped 
probe containing an electromagnetic coil, which produces a magnetic field, and two 
electrodes that measure the voltage produced by the flow of water through the magnetic 
field.   The voltage is proportional to the velocity of the water.   The probe has a screw 
port to attach it to a rod for use.   For vertical flow measurement, the probe can be 
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mounted to face downward.   The rod on which the probe is mounted has stainless steel 
straps attached and adjusted to act as stabilizers to center the device.   A coaxial cable 
connects the probe to a portable data collector. 
The FLOW-MATE 2000 measures the flow of water passing around the probe 
where other electromagnetic flow meters measure water flowing through an opening in 
the flow meter.   The FLOW-MATE 2000 is normally marketed as a stream flow meter. 
Using the flow meter, a velocity profile was obtained for each pressure relief well 
with the exception of well 24.   Well 24 was not measured because the flow meter was 
unable to reach water.   Also in well 8 the flow meter could only reach of depth of 54 feet 
below grade, but several measurements were able to be taken above that depth.    
At each well, the flow meter was inserted into the well and lowed to the water 
level.   The velocity measurements were collected by lowering the flow meter at 2-foot 
intervals, obtaining 3 consistent readings, recording the reading, and lowering again.   
The velocity profiles of the pressure relief wells are shown in Appendix G and are 
summarized in Table 4.3.   The data show that the velocity (and output) in the wells 
nearest the spillway is the highest, decreasing considerably 3 to 5 wells away.   Well 7 is 
particularly high with a velocity of 4.08-feet-per-second compared to the next highest 
well, 4, at 3.32-feet-per-second.  Well 7 gets most of its water 56 to 60 feet below grade, 
compared to the other wells near it which collect most of their flow at 72 feet (bottom of 
the well).   Almost all relief wells gain most of their velocities in the bottom few feet.   
With most of the water coming from the deeper reaches, the bulk of the seepage water 
beneath the dam is from the aquifer.   A comparison between the recently collected data 
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and those from 1987 is shown in Table 4.4.   The differences appear to show a change in 











1 0.34 0.067 
2 0.35 0.069 
3 1.99 0.391 
4 3.9 0.766 
5 3.49 0.685 
6 2.61 0.512 
7 4.97 0.976 
8 2.84 0.558 
9 1.56 0.306 
10 0.64 0.126 
11 0.13 0.026 
12 0.11 0.022 
13 0.23 0.045 
14 0.12 0.024 
15 0.22 0.043 
16 0.14 0.027 
17 0.33 0.065 
18 0.22 0.043 
19 0.16 0.031 
20 0.2 0.039 
21 0.21 0.041 
22 0.15 0.029 
23 0.37 0.073 
24 --- --- 
25 0.35 0.069 
26 0.37 0.073 





























1 0.34 0 0.067 0 0.34 0.067 
2 0.35 0 0.069 0 0.35 0.069 
3 1.99 0 0.391 0 1.99 0.391 
4 3.9 1.12 0.766 0.22 2.78 0.546 
5 3.49 2.13 0.685 0.418 1.36 0.267 
6 2.61 2.9 0.512 0.569 -0.29 -0.057 
7 4.97 3.8 0.976 0.746 1.17 0.23 
8 2.84 --- 0.558 --- --- --- 
9 1.56 3.05 0.306 0.599 -1.49 -0.293 
10 0.64 3.4 0.126 0.668 -2.76 -0.542 
11 0.13 2.7 0.026 0.53 -2.57 -0.504 
12 0.11 1.65 0.022 0.324 -1.54 -0.302 
13 0.23 1.82 0.045 0.357 -1.59 -0.312 
14 0.12 1.9 0.024 0.373 -1.78 -0.349 
15 0.22 2.33 0.043 0.457 -2.11 -0.414 
16 0.14 2.1 0.027 0.412 -1.96 -0.385 
17 0.33 0.96 0.065 0.188 -0.63 -0.123 
18 0.22 1.8 0.043 0.353 -1.58 -0.31 
19 0.16 1.72 0.031 0.338 -1.56 -0.307 
20 0.2 1.72 0.039 0.338 -1.52 -0.299 
21 0.21 1.61 0.041 0.316 -1.4 -0.275 
22 0.15 0.7 0.029 0.137 -0.55 -0.108 
23 0.37 0.78 0.073 0.153 -0.41 -0.08 
24 --- 0.24 --- 0.047 --- --- 
25 0.35 0 0.069 0 0.35 0.069 
26 0.37 0 0.073 0 0.37 0.073 
27 0.05 0 0.01 0 0.05 0.01 




The total flow is approximately 2.94-feet-per-second lower than in 1987.   The decrease 
in total flow into the relief wells along with the increase the piezometric levels indicate 
that not all the pressure in the regional aquifer under the dam is being dissipated.   During 
the most recent testing a brownish gritty substance was collected on the stabilizers of the 
flow meter.   The substance appears to be a bacterium growing in all the wells that could 
be reducing the flow into the wells.   From observation, it appears that the pressure relief 
wells need to be sterilized and redeveloped followed by testing again to ensure normal 
flow.   The wells that have impaired flow need to be examined by TV probe to determine 






5.1   GENERAL CONSIDERATIONS 
Over the course of the years, piezometer measurements have varied greatly.   The 
pace of this change became more apparent during 2010 when bi-weekly measurements 
were made as part of this study.   It was generally presumed that rainfall and irrigation 
were the cause of the piezometer variations.   With the piezometric levels consistently 
above their estimated maximum height, it became important to be able to determine what 
was causing rapid changes in the groundwater head, how to predict the magnitude of 
change in the piezometers, and the problem or benefits associated. 
To investigate the relationship between rainfall and groundwater, weekly and 
monthly moving averages of rainfall were calculated from the data presented in the 
precipitation section.   Moving averages were used due to the uncertainty of the time it 
took for each rainfall to infiltrate.   The land around Willow Creek Reservoir is mostly in 
row crops with some contour planting.   When comparing the moving averages to the 
piezometer elevations at the dam, no correlations were found.   Comparing annual 
precipitation with corresponding average yearly piezometer levels showed no relationship.   
From these comparisons, is concluded that rainfall is not causing the rapid rises and falls 





5.2   IRRIGATION WELLS 
Irrigation well usage and there effects on the piezometers at the dam were 
investigated.   First, the locations of the wells nearest the reservoir were identified (shown 
in Figure 5.1.)   Well operation from 2010, was recorded by the Lower Elkhorn Natural 
Resource District from either visual inspection or by word of mouth from the landowners.   
It was found that the normal operation duration for the irrigation wells was 24 hours.   
From the U.S. Geological Survey website, information for each well was gathered 
pertaining to flow, drawdown, depth of the well, well diameter, and pump level.   The 
distance from each well to the dam was also measured.   The physical data for each well 




Figure 5.1: Irrigation Well Location Map 
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To represent the influence of each area well on the piezometric levels at the dam, 
it was assumed that the influence for each well was effected by three factors: pumping 
rate, drawdown, and distance from the dam.   Pumping rate was assumed to be directly 
proportional to the well influence factor.   Each well was assumed to operate for 24 hours 
whenever it was observed in operation.   Drawdown was assumed to play a role in the 
influence of a well, because it showed the availability of water at each well.   Wells with 
smaller drawdown have more water available to their demands than those with large 
drawdown.   The drawdown ranged from just a few feet in some areas to more than  
twenty feet in others.   The distance each well was from the dam was expected to 
inversely affect its influence.   Within the radius of influence the water surface profile is 
parabolic away from the well.   To account for the parabolic change in height over the 
distance, the square of the distance from each well to the dam was used in the statistic.   
Equation 6 is the individual well influence statistic.   The well influence statistics are 
given in Table 5.1. 
 
                                        𝐼 = 𝑄(∆ℎ)
𝐷2
*t        (6) 
I=Well influence statistic (ft2) 
   Q=Pumping flow (ft3/day) 
   Δh=Drawdown (ft) 
   D=Distance from well to dam (ft) 





























1 57115 5280 850 30 38 8 172 0.0470 
2 47458 5069 900 34 38 4 160 0.0270 
3 63651 8395 1000 70 76 6 254 0.0164 
4 63572 9768 1000 68 82 14 290 0.0282 
5 61187 7973 1250 34 56 22 209 0.0833 
6 73933 12619 1000 31 96 65 241 0.0786 
7 57881 13992 1250 26 76 50 266 0.0615 
8 149733 16051 850 46 57.5 11.5 260 0.0073 
9 102702 19536 900 10 22 12 230 0.0054 
11 171991 22018 750 10 19.5 9.5 150 0.0028 
12 145434 21859 950 102 112 10 325 0.0038 
13 206210 17266 800 118 133 15 287 0.0077 
14 39474 13728 900 90 117 27 230 0.0248 
15 121746 8290 800 6 35 29 52 0.0650 
16 110203 6494 900 34 36 2 160 0.0082 
17 41522 5650 1250 25 50 25 113 0.1885 
 
An overall well influence factor was developed by summing the individual well 
statistics of wells in operation on a given day.   The overall well influence factor was 
used as a measure of the overall effect of pumping on the piezometric heads at the dam..   
well influence factors, by date, are shown in Table 5.2.   It should be noted that not all 






























Using data from Table 5.2 and several dates where the irrigation wells were 
observed to be not in use to provide a starting point, a plot was created comparing the 
well influence factor to the head in piezometer 4 at the dam.   The plot, shown in Figure 




Figure 5.2: Well Influence Factor vs. Piezometer 4 Head 
Figure 5.2 shows a linear relationship between a representative piezometric level 
at the dam and irrigation well usage.   Also the higher the beginning piezometric level, 
the better the correlation.   As the total well influence factor increases, the piezometric 
level decreases.   The daily results relate well with typical quick responses of confined 
and artesian aquifers.   Using the results in Figure 5.2, the drop in piezometer head for a 
day could be predicted for an induced influence based on initial head elevation.   In 
addition, the Lower Elkhorn Natural Resource District could use groundwater pumping to 
decrease the groundwater head, if unsafe levels were to develop.   Pumping could 
continue until piezometric levels were obtained that provided adequate slope and uplift 
safety to the dam. 
 
y = -6.0962x + 1615.5 
R² = 0.9737 
y = -6.433x + 1613.6 
R² = 0.7368 
y = -12.262x + 1612.4 
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A finite element analysis program, Seep/W3, was used to analyze the seepage 
along Willow Creek Dam.   Seep/W allows the user to create 2-dimensional views of an 
object or structure, give it specified material properties and apply boundary conditions.  
A model of the dam’s cross section was created using the dimensions shown in 
Figure 4.2.   The model extends 345.5 feet upstream and 250.5 feet downstream of the 
dam’s centerline, and from the crest elevation of 1,648.5 feet, to an elevation of 1,500 
feet in the glacial outwash.   The cross section was divided into regions that separated 
sections with different materials.   Relief wells, were divided into three sections, the pipe, 
filter drain, and bottom cap.   Nodes were placed at outlets in the chimney drain and relief 
wells as well as the piezometers.   . 
Permeability values were assigned to each material as their only defining property.   
The permeability for each soil was determined using the Pierce County soil survey 
manual15, prior experience around the region and engineering judgment.   The 
permeability of the relief well pipe was determined using the relief well velocities.   A list 
of each material and its estimated permeability is shown in Table 6.1.   In several 
analyses, the relief well filter’s permeability was changed to represent cleaning and 





WILLOW CREEK DAM SEEPAGE ANALYSIS MATERIAL PROPERTIES 
Material Name Hydraulic Conductivity (ft/s) 
Zone A 3.28E-09 
Zone B 9.84E-07 
Relief Well Filter 0.023/0.046/0.23 
Chimney Drain 0.001 
Alluvium 3.28E-05 
Glacial Outwash 0.032 




The accuracy of the boundary conditions is important because they provide the 
driving mechanism that allows the model to function.   The boundary conditions, 
accompanied by the regions and material properties determine the magnitude and 
direction of the water flow.  A list of the boundary conditions along with their locations is 
shown in Table 6.2.   Over the course of the analysis, reservoir and glacial outwash 
boundary conditions change due to different possible field conditions that may occur and 
for the purpose of identifying contributions of each variable. 
TABLE 6.2 
WILLOW CREEK DAM SEEPAGE ANALYSIS BOUNDARY CONDTIONS 
Boundary Condition Boundary Condition Description 
Relief Well Outlet Total Flux Relief well outlet pipe (0ft3/s) 
Potential Seepage Face Total Flux Downstream embankment and ground surface (0ft3/s) 
Reservoir Head Total Head Reservoir pool elevation head (1626, 1637.8, 1648.5) 
Glacial Outwash Head Total Head Aquifer head (1626, 1635, 1640) 
Chimney Drain Pipe Total Flux Chimney drain outlet pipe (0ft3/s) 
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Ten seepage analyses were conducted at different combinations of boundary 
conditions and relief well filter values.   Each analysis produced a relief well velocity; 
fluxes at the center of the dam, chimney drain, and relief well; vertical exit gradient on 
the downstream berm and toe; and piezometric head levels at three different piezometer 
locations.   Flux represents the flow of water passing though a given area along the dam.   
The vertical exit gradients relate to the uplift produced on the soil which can cause local 
failures.   A vertical exit gradient of 0.5 is normally the highest acceptable providing an 
uplift safety factor of 1.5.   The relief well velocities and piezometer heads relate to the 
groundwater pressures.   Both velocity and piezometer heads were first used to help 
calibrate the model and its properties to provide accurate results.   The piezometers 
modeled were WILP 7, 20, and 21.   Results can be found in Tables 6.3 and 6.4.   The 
Seep/W models showing the groundwater pressure gradients for each analysis can be 
found in Appendix H. 
TABLE 6.3 
WILLOW CREEK DAM PRESSURE RELIEF WELL  




















1626.0 1635 0.023 0.136 0.076 <0.001 0.075 
1626.0 1626 0.023 0.106 0.059 <0.001 0.058 
1626.0 1635 0.23 0.091 0.088 <0.001 0.088 
1648.5 1635 0.023 0.136 0.076 <0.001 0.075 
1637.8 1635 0.023 0.136 0.076 <0.001 0.075 
1637.8 1640 0.023 0.153 0.086 0.001 0.085 
1637.8 1626 0.023 0.106 0.059 <0.001 0.058 
1637.8 1635 0.23 0.091 0.088 <0.001 0.088 
1637.8 1640 0.046 0.145 0.088 <0.001 0.087 






























1626.0 1635 0.023 0.167 0.444 1608.6 1608.3 1606.1 
1626.0 1626 0.023 0.107 0.303 1605.6 1605.3 1603.7 
1626.0 1635 0.23 0.083 0.241 1604.5 1604.1 1602.7 
1648.5 1635 0.023 0.168 0.449 1608.6 1608.3 1606.1 
1637.8 1635 0.023 0.167 0.447 1608.6 1608.3 1606.1 
1637.8 1640 0.023 0.201 0.525 1610.3 1609.9 1607.4 
1637.8 1626 0.023 0.108 0.306 1605.6 1605.3 1603.7 
1637.8 1635 0.23 0.083 0.243 1604.5 1604.1 1602.7 
1637.8 1640 0.046 0.185 0.487 1609.5 1609.1 1606.8 
1637.8 1640 0.230 0.105 0.296 1605.6 1605.2 1603.6 
 
The first seepage analysis preformed was under typical conditions with the 
reservoir pool at 1,626 feet, groundwater head at 1,635 feet, and relief well filter 
permeability of 0.023-feet-per-second.   This was used as a baseline for comparison 
between other analyses.   The results show the total seepage of 0.076-cubic-feet-per-
second per square foot flowing though the dam’s centerline but less than 0.001-cubic-
feet-per-second per square foot of seepage into the chimney drain from the groundwater 
and reservoir.   Most of the chimney drain flow was from the reservoir with a little 
coming from the groundwater, with 0.075-cubic-feet-per-second being collected by the 
pressure relief well, all of which came from groundwater.   This demonstrated that in 
normal conditions, the reservoir contributes little to the dam’s drainage system.   The exit 
gradient on the downstream berm was found to be 0.444, much greater than the exit 
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gradient of 0.167 just beyond the berm.   The high exit gradient on the berm show that the 
berm provides protection beyond slope failure. 
Changes in reservoir pool level were examined to determine how it affects 
seepage through the dam.   The reservoir elevation was increased from the normal pool 
level to the TR-60, auxiliary spillway elevation of 1637.8ft and crest elevation of 
1648.5ft.   In both cases, there was not a significant change in exit gradients or 
piezometric levels on the downstream side of the dam.   Groundwater elevation in both 
cases, were below the pool elevation.   The analyses show that the reservoir contributes 
little to the seepage through the dam.   In all the analyses, there was no indication of the 
reservoir pool seeping into the groundwater. 
Next the effects of changing the groundwater head were studied.   Groundwater 
head levels of 1,626, 1,635, and 1,640 feet were used.   The data show that as the 
groundwater increases, the flux though the dam and into the relief wells increases, and 
the exit gradients increase.   As expected, the water levels in the piezometer also increase.   
As the groundwater elevation decreases, the flow and gradients decreases as well as the 
piezometer water levels.   This confirms that the groundwater controls the seepage at 
Willow Creek Dam. 
Cleaning of the pressure relief wells was examined at two different permeability 
levels: two and ten times more permeable then normal conditions.   As the permeability 
increased, the gradients and piezometer levels decreased.   The gradient on the berm 
decreased as much as 0.229 and beyond the berm by 0.096.   Increasing the relief well 
filter permeability by ten decreased the groundwater head downstream by a factor of 
roughly ten. 
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Piezometric levels for different downstream berm exit gradients were examined to 
find a relationship between seepage failure and piezometric head.   Exit gradients of 0.5 




WILLOW CREEK DAM 0.5 BERM EXIT GRADIENT CORRESPONDING 























1626.0 1639 0.023 0.501 1610.0 1609.6 1607.1 
1626.0 1660 0.230 0.503 1610.3 1609.7 1607.2 
1648.5 1639 0.023 0.512 1610.0 1609.6 1607.1 
1637.8 1639 0.023 0.509 1610.0 1609.6 1607.1 
1637.8 1641 0.046 0.502 1609.9 1609.5 1607.0 
1637.8 1660 0.230 0.507 1610.3 1609.7 1607.2 
 
TABLE 6.6 
WILLOW CREEK DAM 0.75 BERM EXIT GRADIENT CORRESPONDING 























1626.0 1655 0.023 0.755 1615.4 1614.8 1611.3 
1626.0 1683 0.230 0.757 1616.0 1615.1 1611.5 
1648.5 1655 0.023 0.761 1615.4 1614.9 1611.3 
1637.8 1655 0.023 0.759 1615.4 1614.8 1611.3 
1637.8 1658 0.046 0.752 1615.3 1614.7 1611.3 
1637.8 1683 0.230 0.749 1615.7 1614.9 1611.3 
59 
 
The results show that for each exit gradient, the piezometric levels are constant under 
various site conditions.   The results also show that as the pressure relief well’s 
permeability increases, larger glacial outwash heads (regional aquifer) can be relieved.   




SLOPE STABILITY ANALYSIS 
 
SLOPE STABILITY ANALYSIS 
In conjunction with the seepage analysis, slope stability analyses were preformed 
at different seepage conditions to determine factors of safety for each scenario.   As with 
seepage failure, slope failure and the conditions that cause them are important for dam 
safety. 
To analysis the downstream slope stability at Willow Creek Dam, Slope/W4, a 
sister program of SEEP/W3 was used.   A grid with radius limits was laid out on the 
downstream side of the dam covering the dam’s slope and berm.   Failure of the berm’s 
toe was not considered due to the small limit of the failure.  Failures less than two feet in 
height were not considered. 
Material properties for soils in the slope stability analysis were determined from 
past engineering testing near Willow Creek.   Zone A, Zone B, Chimney Drain and 
Alluvium were the only soils in the vicinity of possible slope failures.   Moist unit weight, 
cohesions, and friction angles were assigned for each material in the possible failure 



















Zone A 127 25 50 
Zone B 124 27 50 
Chimney Drain 125 32 0 
Alluvium 117 30 0 
Riprap 130 45 0 
 
Using the materials listed above and a grid and radius analysis approach, the slope 
stability factor of safety for each seepage analysis was calculated.   The results are found 
in Table 7.2 and in Appendix I. 
TABLE 7.2 
WILLOW CREEK DAM DOWNSTREAM SLOPE STABILITY 




















1626.0 1635 0.023 1.52 1608.6 1608.3 1606.1 
1626.0 1626 0.023 1.52 1605.6 1605.3 1603.7 
1626.0 1635 0.23 1.53 1604.5 1604.1 1602.7 
1648.5 1635 0.023 1.52 1608.6 1608.3 1606.1 
1637.8 1635 0.023 1.52 1608.6 1608.3 1606.1 
1637.8 1640 0.023 1.52 1610.3 1609.9 1607.4 
1637.8 1626 0.023 1.52 1605.6 1605.3 1603.7 
1637.8 1635 0.23 1.53 1604.5 1604.1 1602.7 
1637.8 1640 0.046 1.54 1609.5 1609.1 1606.8 
1637.8 1640 0.230 1.52 1605.6 1605.2 1603.6 
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The results show that for each set of conditions, the stability factors of safety don’t vary 
significantly.   None of the probable seepage conditions affect the dam enough to change 







This study was undertaken to examine the influence of groundwater and reservoir 
stage on the piezometric levels in and below Willow Creek Dam.   In addition, maximum 
acceptable piezometric levels were to be identified, with recommendations for actions to 
maintain acceptable piezometric levels. 
Piezometric influences from reservoir and from groundwater in the regional 
aquifer were able to be separated.   The regional aquifer, which loses confinement under 
the dam, was found to be the primary source of abnormal piezometric levels at the dam, 
which may fluctuate during the course of a year by as much as eight feet.   The 
reservoir’s influences are minimal. 
The reservoir was found to be able to exchange water with the regional aquifer, 
only at a relatively slow rate and only in response to head changes in the regional aquifer.   
At times of low head, the reservoir gains water. 
In examining the effects on the dam of the piezometric levels in the regional 
aquifer, the effects of local irrigation wells were evaluated.   To do this, a well influence 
statistic was created.   The statistic for each well included pumping rate, drawdown, and 
distance from the dam.   An overall well influence factor consisting of the sum of the well 
statistics for wells operating at a particular moment, was used for the evaluation.   
Coefficients of correlation as high has 0.97 were found between the well influence factor 
and the piezometric levels at the dam.  
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Using a finite element analysis program, piezometric levels were correlated to 
vertical exit gradients on the downstream berm of the dam.   A vertical exit gradient of 
0.5, corresponds to piezometric levels of 1,610, 1,609.6 and 1,607 feet in piezometers 
WILP 7, 20, and 21 respectively.   From the analysis, it was found that the permeability 
of the pressure relief wells greatly affected the vertical exit gradient.   Redeveloping the 
relief wells may increase the flow into them, increasing the local seepage stability.   The 







1. Dugan, Jack T. and Eric G. Lappala. "Predictive Analyses of Ground-Water 
Discharges in the Willow Creek Watershed, Northeast Nebraska." 1978. 
 
2. Flach, Gregory P., Frank C. Sappington, W. Pernell Johnson and Robert A. 
Hiergesell. "Electromagnetic Borehole Flowmeter (EBF) Testing in R-area 
(U)." 31 August 2000. Savannah River Site. 23 September 2010 
<http://sti.srs.gov/fulltext/tr2000170/tr2000170.pdf>. 
 
3. GEO-SLOPE International. SEEP/W, GEO-SLOPE (Suite), 2007. 
 
4. GEO-SLOPE International. SLOPE/W, GEO-SLOPE (Suite), 2007. 
 
5. Hathaway, David H. The Sunspot Cycle. 2 April 2012. 17 April 2012 
<http://solarscience.msfc.nasa.gov/SunspotCycle.shtml>. 
 
6. Henningson, Durham & Richardson. "Construction of Willow Creek Dam." 
Willow Creek Dam. Omaha: Henningson, Durham & Richardson, 1982. 
 
7. High Plains Regional Climate Center. "Pierce COOP Precipitation Data." High 
Plains Regional Climate Center, 2011. 
 
8. Hoskins-Western-Sonderegger, Inc. Investigation of High Groundwater Table 
in the Area North of Willow Creek Dam. Lincoln: Hoskins-Western-
Sonderegger, Inc., 1986. 
 
9. HWS Technologies Inc. Annual Safety Inspection Report for Willow Creek 
Dam. Inspection. Lincoln: HWS Technologies, 1987. 
 
10. —. Annual Safety Inspection Report for Willow Creek Dam Pierce, Nebraska. 




11. Keys, W. S. A practical guide to borehole geophysics in enviromental 
investigation. Boca Raton: CRC Press, Inc., 1997. 
 
12. Lower Elkhorn Natural Resource District.   Willow Creek Dam Piezometric 
and Reservoir Data, 1986 through 2011. 
 
13. Maher, H, G Engelmann and R Shuster. Roadside Geology of Nebraska. 
Mountain Press Publishing Company, 2003. 
 
14. Moore, G. K. Identification of Groundwater-Producing Fractures by Using 
and Electromagnetic Borehole Flowmeter in Monitoring Wells on the Oak 
Ridge Reservation, Oak Ridge, Tennessee. Masters Thesis. Tennessee, 1992. 
 
15. National Cooperative Soil Survey. "Soil Survey of Pierce County, Nebraska." 
1972. 
 
16. Nebraska Department of Natural Resources. Periodic Dam Safety Inspection 
Report of Willow Creek Dam. Inspection. Lincoln: Nebraska Department of 
Natural Resources, 2010. 
 
17. U.S. Geological Survey Water-Resources.   Groundwater Atlas of the United 
States, Kansas, Missouri, and Nebraska HA 730-D High Plains Aquifer.   
http://pubs.usgs.gov/ha/ha730/ch_d/D-text2.html 
 
18. U.S. Geological Survey Water-Resources.   Groundwater Data. 2011 













Soil Formation Figures 
SI I H J s n K V K Y 




















11 LI L__JJ__-L 
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Elevation (ft.) Elevation (ft.) Elevation (ft.) 
6/9/86 1611,16 9/5/91 1603.55 7/1/97 1611.65 
mm 1610.10 10/11/91 1605.93 8/8/97 1611.66 
8/12/86 1609.66 12/9/91 1606.74 9/4/97 1611,64 
9/8/86 1610.09 2/5/92 1607.72 10/3/97 1611.58 
10/9/86 1610.84 3/26/92 1609.37 12/15/97 1611,54 
12/5/86 1611.09 5/12/92 1609.04 2/12/98 1611.53 
2/6/87 1610.95 6/5/92 1609.96 4/2/98 1611,54 
4/2/87 1612.30 7/8/92 1608.98 5/4/98 1611.53 
6/4/87 1611.20 8/4/92 1609.26 6/18/98 1611,56 
iimi 1608.74 9/3/92 1610.07 7/8/98 1611.56 
1607.18 10/6/92 1611.03 8/11/98 1611,47 
mmi 1609.02 12/1/92 1611.89 9/8/98 1611,41 
9/1/87 1609.42 2/2/93 1611,74 9/30/98 1611,35 
9/18/87 1609.78 4/2/93 1612.27 11/23/98 1611,30 
10/1/87 1609.91 6/15/93 1612,42 2/4/99 1611,26 
10/30/87 1610.05 7/6/93 1610,27 3/31/99 1611.24 
12/4/87 1610.34 7/29/93 1610,33 6/8/99 1611,27 
1/29/88 1610.80 9/8/93 1610,35 7/9/99 1611.33 
4/4/88 1611.11 10/4/93 1610,36 8/3/99 1611,31 
5/31/88 1610.72 12/7/93 1610,40 9/10/99 1611.23 
717188 1607.00 2/11/94 1610,50 10/5/99 1611,17 
8/3/88 1607.47 3/31/94 1610,60 12/1/99 1611.13 
9/9/88 1608.02 6/7/94 1610,73 2/2/00 1611,10 
10/5/88 1608.81 7/15/94 1610.83 4/18/00 1611.09 
12/7/88 1609.32 8/2/94 1610.93 6/6/00 1611,11 
3/28/89 1610.34 9/8/94 1611.01 7/14/00 1611.13 
5/5/89 1609.88 9/28/94 1611.07 8/8/00 1611.04 
6/8/89 1608.60 12/6/94 1611.11 9/12/00 1610.96 
7/6/89 1606.64 1/31/95 1611.15 9/21/00 1610.91 
8/2/89 1605.85 3/30/95 1611.24 11/30/00 1610.87 
9/5/89 1606.75 5/2/95 1611.36 2/7/01 1610,84 
10/4/89 1607.63 6/14/95 1611.51 3/29/01 1610.83 
12/1/89 1608.01 7/11/95 1611.61 6/15/01 1610.90 
2/2/90 1608.41 7/26/95 1611.69 7/13/01 1610.96 
4/2/90 1608.95 8/31/95 1611.71 8/7/01 1610.95 
6/6/90 1609.33 10/9/95 1611.70 9/4/01 1610.88 
7/3/90 1606.40 12/6/95 1611.72 9/27/01 1610.85 
7/31/90 1606.36 4/5/96 1611.75 12/6/01 1610.81 
9/5/90 1605.18 6/10/96 1611.80 2/2/02 1610.80 
10/1/90 1606.22 8/8/96 1611.86 4/4/02 1610,81 
11/1/90 1606.74 9/13/96 1611,89 6/7/02 1610.83 
12/5/90 1607.06 10/2/96 1611.89 7/18/02 1610,85 
2/4/91 1607.24 12/4/96 1611.82 8/19/02 1610.82 
3/26/91 1608.02 2/4/97 1611.76 9/10/02 1610.76 
6/7/91 1608.98 3/31/97 1611.71 10/9/02 1610.71 
7/2/91 1607.45 5/8/97 1611.68 12/13/02 1610.70 
8/9/91 1604.97 6/3/97 1611.66 2/19/03 1610.68 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1610.64 12/2/08 1613.90 9/20/10 1613.53 
6/10/03 1610.69 2/3/09 9/24/10 1613.67 
7/3/03 1610.80 4/8/09 1614.38 11/2/10 1614.03 
8/9/03 1610.81 5/7/09 1614.17 12/2/10 1614.07 
10/10/03 1610.79 6/2/09 1612.63 12/17/10 1614.60 
12/15/03 1610.81 7/7/09 1610.19 4/1/11 1614.79 
2/6/04 1610.83 8/11/09 1607.06 5/3/11 1614.93 
4/2/04 1610.80 9/10/09 1611.81 7/11/11 1611.39 
6/4/04 1610.77 10/19/09 1613.03 
7/12/04 1610.83 12/1/09 
8/19/04 1610.97 4/5/10 1614.68 
9/7/04 1611.11 5/4/10 1614.72 
9/28/04 1611.21 5/24/10 1614.16 
12/9/04 1611.18 5/28/10 1614.24 
2/8/05 1611.14 6/1/10 1614.44 
3/25/05 1611.14 6/4/10 1614.47 
5/4/05 1611.16 6/7/10 1614.16 
6/1/05 1611.16 6/11/10 1614.94 
7/7/05 1611.27 6/14/10 1616.37 
8/12/05 1611.35 6/16/10 1616.53 
9/26/05 1611.38 6/18/10 1616.32 
12/5/05 1611.34 6/21/10 1615.96 
2/6/06 1611.26 6/24/10 1615.56 
4/3/06 1613.52 6/28/10 1614.79 
5/9/06 1613.30 7/1/10 1613.50 
6/6/06 1611.64 7/6/10 1614.05 
7/6/06 1609.39 7/9/10 1613.36 
8/9/06 1608.14 7/12/10 1614.35 
9/5/06 1609.75 7/16/10 1614.42 
10/13/06 1611.35 7/19/10 1613.10 
12/8/06 1611.91 7/23/10 1613.62 
2/5/07 7/26/10 1613.88 
4/10/07 1614.08 7/30/10 1612.07 
6/4/07 1614.80 8/2/10 1611.65 
7/10/07 1609.15 8/6/10 1613.80 
8/7/07 1609.62 8/9/10 1614.07 
9/6/07 1612.68 8/13/10 1613.43 
10/9/07 1613.42 8/16/10 1612.13 
12/2/07 8/20/10 1613.11 
2/1/08 8/23/10 1612.52 
4/8/08 1614.57 8/27/10 1611.85 
5/6/08 1614.86 8/30/10 1611.11 
5/30/08 1615.69 9/3/10 1611.90 
7/1/08 1614.14 9/7/10 1612.51 
8/6/08 1609.19 9/10/10 1612.70 
9/3/08 1608.91 9/13/10 1612.85 
10/9/08 1612.59 9/17/10 1613.06 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1606.55 12/2/08 1608.74 9/20/10 1608.61 
6/10/03 1606.99 2/3/09 9/24/10 1608.73 
7/3/03 1605.03 4/8/09 1609.25 11/2/10 1609 
8/9/03 1604.30 5/7/09 1609.04 12/2/10 1609.05 
10/10/03 1605.05 6/2/09 1607.72 12/17/10 1609.66 
12/15/03 1605.64 7/7/09 1606.03 4/1/11 1609.79 
2/6/04 8/11/09 1603.8 5/3/11 1609.94 
4/2/04 1605.61 9/10/09 1607.17 7/11/11 1606.98 
6/4/04 1606.93 10/19/09 1608.1 
7/12/04 1607.28 12/1/09 
8/19/04 1604.06 4/5/10 1609.59 
9/7/04 1604.11 5/4/10 1609.64 
9/28/04 1605.22 5/24/10 1609.14 
12/9/04 1606.1 5/28/10 1609.2 
2/8/05 6/1/10 1609.38 
3/25/05 1606.75 6/4/10 1609.42 
5/4/05 1607.73 6/7/10 1609.19 
6/1/05 1607.9 6/11/10 1610 
7/7/05 1606.35 6/14/10 1611.85 
8/12/05 1604.66 6/16/10 1611.98 
9/26/05 1605.91 6/18/10 1611.62 
12/5/05 6/21/10 1611.08 
2/6/06 1607.01 6/24/10 1610.54 
4/3/06 1608.37 6/28/10 1609.69 
5/9/06 1607.94 7/1/10 1608.53 
6/6/06 1606.68 7/6/10 1609.04 
7/6/06 1605.2 7/9/10 1608.43 
8/9/06 1604.4 7/12/10 1609.39 
9/5/06 1605.46 7/16/10 1609.44 
10/13/06 1606.48 7/19/10 1608.24 
12/8/06 1606.9 7/23/10 1608.69 
2/5/07 7/26/10 1608.92 
4/10/07 1608.91 7/30/10 1607.31 
6/4/07 1609.58 8/2/10 1607.12 
7/10/07 1605.03 8/6/10 1609.02 
8/7/07 1605.48 8/9/10 1609.2 
9/6/07 1607.58 8/13/10 1608.61 
10/9/07 1608.18 8/16/10 1607.49 
12/2/07 8/20/10 1608.28 
2/1/08 8/23/10 1607.86 
4/8/08 1609.31 8/27/10 1607.19 
5/6/08 1609.64 8/30/10 1606.75 
5/30/08 1610.71 9/3/10 1607.28 
7/1/08 1608.87 9/7/10 1607.74 
8/6/08 1605.25 9/10/10 1607.9 
9/3/08 1605 9/13/10 1607.99 








Elevation (ft.) Elevation (ft.) Elevation (ft.) 
6/9/86 1602.78 9/5/91 1600.32 7/1/97 1606.05 
7/7/86 1602.26 10/11/91 1601.59 8/8/97 1604.28 
8/12/86 1602.15 12/9/91 1602.02 9/4/97 1604.54 
9/8/86 1602.35 2/5/92 1602.6 10/3/97 1605.74 
10/9/86 1602.73 3/26/92 1603.51 12/15/97 1606.21 
12/5/86 1602.95 5/12/92 1603.42 2/12/98 1606.25 
2/6/87 1602.9 6/5/92 1603.94 4/2/98 1606.93 
4/2/87 1603.94 7/8/92 1603.39 5/4/98 1606.50 
6/4/87 1603.21 8/4/92 1603.56 6/18/98 1606.68 
7/2/87 1602.01 9/3/92 1604 7/8/98 1606.25 
8/5/87 1601.36 10/6/92 1604.48 8/11/98 1605.15 
8/24/87 1602.19 12/1/92 1604.95 9/8/98 1605.21 
9/1/87 1602.38 2/2/93 1604.85 9/30/98 1605.69 
9/18/87 1602.58 4/2/93 1605.28 11/23/98 1606.41 
10/1/87 1602.67 6/15/93 1605.34 2/4/99 1606.37 
10/30/87 1602.73 7/6/93 1605.93 3/31/99 1606.60 
12/4/87 1602.9 7/29/93 1605.89 6/8/99 1606.56 
1/29/88 1603.18 9/8/93 1605.23 7/9/99 1605.85 
4/4/88 1603.42 10/4/93 1605.24 8/3/99 1604.08 
5/31/88 1603.33 12/7/93 1605.32 9/10/99 1604.13 
7/7/88 1601.51 2/11/94 1605.15 10/5/99 1605.26 
8/3/88 1601.74 3/31/94 1605.52 12/1/99 1605.90 
9/9/88 1602.06 6/7/94 1605.16 2/2/00 1606.33 
10/5/88 1602.47 7/15/94 1605.64 4/18/00 1606.62 
12/7/88 1602.75 8/2/94 1604.64 6/6/00 1606.71 
3/28/89 1603.39 9/8/94 1605.06 7/14/00 1605.66 
5/5/89 1603.18 9/28/94 1605.14 8/8/00 1603.23 
6/8/89 1602.6 12/6/94 1605.34 9/12/00 1603.82 
7/6/89 1601.63 1/31/95 1605.47 9/21/00 1604.34 
8/2/89 1601.25 3/30/95 1606.08 11/30/00 1605.50 
9/5/89 1601.77 5/2/95 1606.12 2/7/01 
10/4/89 1601.18 6/14/95 1606.01 3/29/01 1606.95 
12/1/89 1602.41 7/11/95 1604.24 6/15/01 1607.04 
2/2/90 1602.68 7/26/95 1603.95 7/13/01 1605.62 
4/2/90 1603.01 8/31/95 1605.11 8/7/01 1604.25 
6/6/90 1603.18 10/9/95 1606.22 9/4/01 1604.74 
7/3/90 1601.72 12/6/95 1606.1 9/27/01 1605.96 
7/31/90 1601.77 4/5/96 1606.28 12/6/01 1606.83 
9/5/90 1601.09 6/10/96 1606.53 2/2/02 
10/1/90 1601.62 8/8/96 1605.95 4/4/02 1606.75 
11/1/90 1601.9 9/13/96 1605.2 6/7/02 1606.23 
12/5/90 1602.07 10/2/96 1605.67 7/18/02 1602.76 
2/4/91 1602.2 12/4/96 1606.28 8/19/02 1603.65 
3/26/91 1602.67 2/14/97 1606.32 9/10/02 1604.03 
6/7/91 1603.21 3/31/97 1606.49 10/9/02 1604.96 
7/2/91 1602.35 5/8/97 1605.55 12/13/02 1605.68 
8/9/91 1601.08 6/3/97 1606.56 2/19/03 1606.10 










6/9/86 1607.25 9/5/91 1602.37 7/1/97 1609.66 
inim 1606.37 10/11/91 1604.11 8/8/97 1607.25 
8/12/86 1606.19 12/9/91 1604.7 9/4/97 1607.65 
9/8/86 1606.5 2/5/92 1605.53 10/3/97 1609.28 
10/9/86 1607.01 3/26/92 1606.76 12/15/97 1609.88 
12/5/86 1607.35 5/12/92 1606.56 2/12/98 1609,9 
2/6/87 1607.22 6/5/92 1607.27 4/2/98 1610.68 
4/2/87 1608.58 7/8/92 1606.48 5/4/98 1610.18 
6/4/87 1607.53 8/4/92 1606.69 6/18/98 1610.40 
7/2/87 1605.63 9/3/92 1607.32 7/8/98 1609.83 
8/5/87 1604.54 10/6/92 1608.05 8/11/98 1608.45 
8/24/87 1605.85 12/1/92 1608.65 9/8/98 1608.49 
9/1/87 1606,16 2/2/93 1608.52 9/30/98 1609.15 
9/18/87 1606.39 4/2/93 1609.03 11/23/98 1610.08 
10/1/87 1606.57 6/15/93 1609.11 2/4/99 1610.01 
10/30/87 1606.62 7/6/93 1609.84 3/31/99 1610.34 
12/4/87 1606.83 7/29/93 1609.81 6/8/99 1610.24 
1/29/88 1607.26 9/8/93 1608.94 7/9/99 1609.24 
4/4/88 1607.51 10/4/93 1608.9 8/3/99 1606.98 
5/31/88 1607.29 12/7/93 1609.01 9/10/99 1607.03 
7/7/88 1604.48 2/11/94 1608.85 10/5/99 1608.58 
8/3/88 1604.75 3/31/94 1609.2 12/1/99 1609.41 
9/9/88 1605.27 6/7/94 1608.72 2/2/00 1609.08 
10/5/88 1605.87 7/15/94 1609.25 4/18/00 1610.28 
12/7/88 1606.22 8/2/94 1607.97 6/6/00 1610.35 
3/28/89 1607.1 9/8/94 1608.5 7/14/00 1608.97 
5/5/89 1606.71 9/28/94 1608.63 8/8/00 1605.82 
6/8/89 1605.86 12/6/94 1608.97 9/12/00 1606.57 
7/6/89 1604.41 1/31/95 1609.07 9/21/00 1607.29 
8/2/89 1603.78 3/30/95 1609.75 11/30/00 1608.84 
9/5/89 1604.54 5/2/95 1609.81 2/7/01 
10/4/89 1605.18 6/14/95 1609.7 3/29/01 1610.54 
12/1/89 1605.48 7/11/95 1607.44 6/15/01 1610.67 
2/2/90 1605.82 7/26/95 1606.97 7/13/01 1608.92 
4/2/90 1606.2 8/31/95 1608.46 8/7/01 1607.14 
6/6/90 1606.53 10/9/95 1609.93 9/4/01 1607.80 
7/3/90 1604.4 12/6/95 1609.88 9/27/01 1609.42 
7/31/90 1604.43 4/5/96 1610.01 12/6/01 1610.36 
9/5/90 1603.43 6/10/96 1610.29 2/2/02 
10/1/90 1604.46 8/8/96 1609.42 4/4/02 1610.35 
11/1/90 1604.7 9/13/96 1608.6 6/7/02 1609.70 
12/5/90 1604.9 10/2/96 1609.17 7/18/02 1605.12 
2/4/91 1605.03 12/4/96 1610 8/19/02 1606.29 
3/26/91 1605.7 2/14/97 1609.95 9/10/02 1606.79 
6/7/91 1606.38 3/31/97 1610.25 10/9/02 1608.02 
7/2/91 1605.12 5/8/97 1610.3 12/13/02 1608.95 
8/9/91 1603.25 6/3/97 1610.29 2/19/03 1609.49 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1610.08 12/2/08 1612.21 9/20/10 1611.98 
6/10/03 1610.65 2/3/09 9/24/10 1612.10 
7/3/03 1608.07 4/8/09 1612.69 11/2/10 1612.45 
8/9/03 1607.12 5/7/09 1612.47 12/2/10 1612.47 
10/10/03 1608.11 6/2/09 1611.02 12/17/10 1613.05 
12/15/03 1608.90 7/7/09 1608.96 4/1/11 1613.19 
2/6/04 8/11/09 1606.14 5/3/11 1613,36 
4/2/04 1610.12 9/10/09 1610.47 7/11/11 1610,01 
6/4/04 1610.50 10/19/09 1611.50 
7/12/04 1610.90 12/1/09 
8/19/04 1606.68 4/5/10 1613.06 
9/7/04 1606.77 5/4/10 1613.10 
9/28/04 1608.20 5/24/10 1612.60 
12/9/04 1609.35 5/28/10 1612.63 
2/8/05 6/1/10 1612.83 
3/25/05 1610.15 6/4/10 1612.83 
5/4/05 1611.35 6/7/10 1612.60 
6/1/05 1611.55 6/11/10 1613.37 
7/7/05 1609.67 6/14/10 1615.00 
8/12/05 1607.40 6/16/10 1615.16 
9/26/05 1609.10 6/18/10 1614.87 
12/5/05 6/21/10 1614.42 
2/6/06 1610.47 6/24/10 1613.96 
4/3/06 1611.84 6/28/10 1613.08 
5/9/06 1611.55 7/1/10 1611.79 
6/6/06 1610.04 7/6/10 1612,40 
7/6/06 1608.10 7/9/10 1611.72 
8/9/06 1607.08 7/12/10 1612.74 
9/5/06 1608.42 7/16/10 1612.82 
10/13/06 1609.75 7/19/10 1611.50 
12/8/06 1610.29 7/23/10 1612.01 
2/5/07 7/26/10 1612.29 
4/10/07 1612.38 7/30/10 1610.49 
6/4/07 1613.00 8/2/10 1610.17 
7/10/07 1607.70 8/6/10 1612.26 
8/7/07 1608.34 8/9/10 1612.50 
9/6/07 1611.00 8/13/10 1611.92 
10/9/07 1611.67 8/16/10 1610.68 
12/2/07 8/20/10 1611.59 
2/1/08 8/23/10 1611.17 
4/8/08 1612.79 8/27/10 1610.34 
5/6/08 1613.09 8/30/10 1609.80 
5/30/08 1614.04 9/3/10 1610.46 
7/1/08 1612.39 9/7/10 1611.03 
8/6/08 1608.01 9/10/10 1611.25 
9/3/08 1607.70 9/13/10 1611.33 
10/9/08 1610.98 9/17/10 1611.52 
WILP-4 M easurements 
Groundwater Groundwater Groundwater 
ua ie Elevation (ft.) ua ie Elevation (ft.) ua ie Elevation (ft.) 
6/9/86 1608.56 9/5/91 1602.26 7/1/97 1610.64 
inim 1607.5 10/11/91 1604.39 8/8/97 1607.84 
8/12/86 1607.21 12/9/91 1605.13 9/4/97 1608.24 
9/8/86 1607.6 2/5/92 1605.99 10/3/97 1610.22 
10/9/86 1605.93 3/26/92 1607.49 12/15/97 1610.84 
12/5/86 1608.55 5/12/92 1607.33 2/12/98 1610.87 
2/6/87 1608.41 6/5/92 1608.08 4/2/98 1611.69 
4/2/87 1609.86 7/8/92 1607.13 5/4/98 1611.18 
6/4/87 1608.74 8/4/92 1607.3 6/18/98 1611.42 
112181 1606.42 9/3/92 1608.19 7/8/98 1610.78 
815161 1605.02 10/6/92 1609.09 8/11/98 1609.17 
8/24/87 1606.75 12/1/92 1609.86 9/8/98 1609.23 
9/1/87 1607.09 2/2/93 1609.68 9/30/98 1610.04 
9/18/87 1607.4 4/2/93 1610.23 11/23/98 1611.05 
10/1/87 1607.58 6/15/93 1610.46 2/4/99 1610.95 
10/30/87 1607.69 7/6/93 1611.16 3/31/99 1611.32 
12/4/87 1607.95 7/29/93 1611.2 6/8/99 1611.21 
1/29/88 1608.37 9/8/93 1610.16 7/9/99 1610.05 
4/4/88 1608.72 10/4/93 1610.24 8/3/99 1607.4 
5/31/88 1608.42 12/7/93 1610.26 9/10/99 1605.93 
7/7/88 1604.94 2/11/94 1610 10/5/99 1609.28 
8/3/88 1605.31 3/31/94 1610.41 12/1/99 1610.19 
9/9/88 1605.97 6/7/94 1609.83 2/2/00 1610.86 
10/5/88 1606.66 7/15/94 1610.33 4/18/00 1611.13 
12/7/88 1607.14 8/2/94 1609.96 6/6/00 1611.23 
3/28/89 1608.13 9/8/94 1609.45 7/14/00 1609.64 
5/5/89 1607.68 9/28/94 1609.67 8/8/00 1605.92 
6/8/89 1606.56 12/6/94 1609.91 9/12/00 1606.87 
7/6/89 1605 1/31/95 1610.06 9/21/00 1607.69 
8/2/89 1604.04 3/30/95 1610.83 11/30/00 1609.49 
9/5/89 1605 5/2/95 1611 2/7/01 
10/4/89 1605.77 6/14/95 1610.9 3/29/01 1611.4 
12/1/89 1606.1 7/11/95 1608.23 6/15/01 1611.61 
2/2/90 1606.5 7/26/95 1607.65 7/13/01 1609.5 
4/2/90 1607.02 8/31/95 1609.42 8/7/01 1607.42 
6/6/90 1607.35 10/9/95 1610.98 9/4/01 1608.19 
7/3/90 1604.76 12/6/95 1610.94 9/27/01 1610.13 
7/31/90 1604.85 4/5/96 1611.01 12/6/01 1611.18 
9/5/90 1603.59 6/10/96 1611.42 2/2/02 
10/1/90 1604.59 8/8/96 1610.26 4/4/02 1611.16 
11/1/90 1605.47 9/13/96 1609.49 6/7/02 1610.43 
12/5/90 1605.37 10/2/96 1610.2 7/18/02 1605.08 
2/4/91 1605.53 12/4/96 1611.07 8/19/02 1606.46 
3/26/91 1606.22 2/14/97 1611.04 9/10/02 1607.07 
6/7/91 1607.06 3/31/97 1611.31 10/9/02 1608.46 
7/2/91 1605.5 5/8/97 1611.44 12/13/02 1609.52 
8/9/91 1603.36 6/3/97 1611.38 2/19/03 1610.17 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1610.8 12/2/08 1613.22 9/20/10 1612.88 
6/10/03 1611.53 2/3/09 9/24/10 1613.03 
7/3/03 1608.45 4/8/09 1613.74 11/2/10 1613.43 
8/9/03 1607.33 5/7/09 1613.52 12/2/10 1613.47 
10/10/03 1608.53 6/2/09 1611.85 12/17/10 1614.05 
12/15/03 1609.42 7/7/09 1609.39 4/1/11 1614.27 
2/6/04 8/11/09 1606.17 5/3/11 1614.45 
4/2/04 1610.85 9/10/09 1611.16 7/11/11 1610.58 
6/4/04 1611.31 10/19/09 1612.37 
7/12/04 1611.76 12/1/09 
8/19/04 1606.86 4/5/10 1614.12 
9/7/04 1606.94 5/4/10 1614.16 
9/28/04 1608.62 5/24/10 1613.62 
12/9/04 1609.96 5/28/10 1613.66 
2/8/05 6/1/10 1613.87 
3/25/05 1610.91 6/4/10 1613.89 
5/4/05 1612.21 6/7/10 1613.61 
6/1/05 1612.50 6/11/10 1614.45 
7/7/05 1610.27 6/14/10 1616.10 
8/12/05 1607.69 6/16/10 1616.29 
9/26/05 1609.65 6/18/10 1616.04 
12/5/05 6/21/10 1615.60 
2/6/06 1611.25 6/24/10 1615.14 
4/3/06 1612.70 6/28/10 1614.18 
5/9/06 1612.50 7/1/10 1612.67 
6/6/06 1610.75 7/6/10 1613.42 
7/6/06 1608.44 7/9/10 1612.59 
8/9/06 1607.26 7/12/10 1613.75 
9/5/06 1608.81 7/16/10 1613.84 
10/13/06 1610.36 7/19/10 1612.29 
12/8/06 1610.97 7/23/10 1612.93 
2/5/07 7/26/10 1613.26 
4/10/07 1613.35 7/30/10 1611.16 
6/4/07 1614.10 8/2/10 1610.76 
7/10/07 1608.10 8/6/10 1613.13 
8/7/07 1608.77 8/9/10 1613.44 
9/6/07 1611.83 8/13/10 1612.76 
10/9/07 1612.62 8/16/10 1611.36 
12/2/07 8/20/10 1612.43 
2/1/08 8/23/10 1611.97 
4/8/08 1613.89 8/27/10 1610.99 
5/6/08 1614.22 8/30/10 1610.38 
5/30/08 1615.20 9/3/10 1611.18 
7/1/08 1613.48 9/7/10 1611.84 
8/6/08 1608.39 9/10/10 1612.06 
9/3/08 1608.02 9/13/10 1612.16 
10/9/08 1611.84 9/17/10 1612.38 
WILP-5 M easurements 
Groundwater Groundwater Groundwater 
ua ie Elevation (ft.) ua ie Elevation (ft.) ua ie Elevation (ft.) 
6/9/86 1607.45 9/5/91 1601.77 7/1/97 1609.99 
7/7/86 1606.36 10/11/91 1603.75 8/8/97 1607.17 
8/12/86 1606.14 12/9/91 1604.48 9/4/97 1607.64 
9/8/86 1606.52 2/5/92 1605.29 10/3/97 1609.58 
10/9/86 1607.17 3/26/92 1606.70 12/15/97 1610.26 
12/5/86 1607.47 5/12/92 1606.51 2/12/98 1610.26 
2/6/87 1607.37 6/5/92 1607.30 4/2/98 1611.10 
4/2/87 1608.85 7/8/92 1606.38 5/4/98 1610.58 
6/4/87 1607.71 8/4/92 1606.55 6/18/98 1610.77 
7/2/87 1605.4 9/3/92 1607.37 7/8/98 1610.19 
8/5/87 1604.14 10/6/92 1608.30 8/11/98 1608.54 
8/24/87 1605.74 12/1/92 1609.02 9/8/98 1608.67 
9/1/87 1606.13 2/2/93 1608.85 9/3/98 1609.47 
9/18/87 1606.47 4/2/93 1609.42 11/23/98 1610.48 
10/1/87 1606.62 6/15/93 1609.56 2/4/99 1610.39 
10/30/87 1606.68 7/6/93 1610.32 3/31/99 1610.79 
12/4/87 1606.92 7/29/93 1610.31 6/8/99 1610.62 
1/29/88 1607.33 9/8/93 1609.36 7/9/99 1609.49 
4/4/88 1607.68 10/4/93 1609.40 8/3/99 1606.85 
5/31/88 1607.38 12/7/93 1609.45 9/10/99 1606.91 
7/7/88 1604 2/11/94 1609.23 10/5/99 1608.78 
8/3/88 1604.54 3/31/94 1609.58 12/1/99 1609.69 
9/9/88 1605.09 6/7/94 1609.02 2/2/00 1610.34 
10/5/88 1605.77 7/15/94 1609.56 4/18/00 1610.69 
12/7/88 1606.21 8/2/94 1608.17 6/6/00 1610.79 
3/28/89 1607.2 9/8/94 1608.71 7/14/00 1609.21 
5/5/89 1606.75 9/28/94 1608.94 8/8/00 1605.46 
6/8/89 1605.69 12/6/94 1609.17 9/12/00 1606.43 
7/6/89 1603.97 1/31/95 1609.31 9/21/00 1607.26 
8/2/89 1603.22 3/30/95 1610.07 11/30/00 1609.04 
9/5/89 1604.28 5/2/95 1610.24 2/7/01 
10/4/89 1605 6/14/95 1610.17 3/29/01 1610.96 
12/1/89 1605.32 7/11/95 1607.42 6/15/01 1611.60 
2/2/90 1605.72 7/26/95 1606.88 7/13/01 1609.03 
4/2/90 1606.16 8/31/95 1608.64 8/7/01 1607.02 
6/6/90 1606.52 10/9/95 1610.29 9/4/01 1607.70 
7/3/90 1603.97 12/6/95 1610.26 9/27/01 1609.68 
7/31/90 1604.11 4/5/96 1610.32 12/6/01 1610.77 
9/5/90 1602.93 6/10/96 1610.74 2/2/02 
10/1/90 1603.91 8/8/96 1609.61 4/4/02 1610.79 
11/1/90 1604.38 9/13/96 1608.75 6/7/02 1610.07 
12/5/90 1604.64 10/2/96 1609.52 7/18/02 1604.68 
2/4/91 1604.81 12/4/96 1610.42 8/19/02 1606.08 
3/26/91 1605.47 2/14/97 9/10/02 1606.71 
6/7/91 1606.29 3/31/97 1610.66 10/9/02 1608.13 
7/2/91 1604.73 5/8/97 1610.79 12/13/02 1609.17 
8/9/91 1602.74 6/3/97 1610.73 2/19/03 1609.84 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1610.47 12/2/08 1610.04 9/20/10 1609.69 
6/10/03 1611.25 2/3/09 9/24/10 1609.85 
7/3/03 1608.10 4/8/09 1610.50 11/2/10 1610.24 
8/9/03 1607.00 5/7/09 1610.31 12/2/10 1610.48 
10/10/03 1608.23 6/2/09 1608.62 12/17/10 1610.86 
12/15/03 1609.11 7/7/09 1606.11 4/1/11 1611.10 
2/6/04 8/11/09 1602.84 5/3/11 1611.30 
4/2/04 1610.57 9/10/09 1607.96 7/11/11 1607.35 
6/4/04 1611.08 10/19/09 1609.15 
7/12/04 1611.50 12/1/09 
8/19/04 1606.47 4/5/10 1610.98 
9/7/04 1606.64 5/4/10 1611.01 
9/28/04 1608.32 5/24/10 1610.43 
12/9/04 1609.62 5/28/10 1610.43 
2/8/05 6/1/10 1610.69 
3/25/05 1610.64 6/4/10 1610.73 
5/4/05 1608.86 6/7/10 1610.45 
6/1/05 1609.16 6/11/10 1611.28 
7/7/05 1606.91 6/14/10 1616.19 
8/12/05 1604.29 6/16/10 1616.48 
9/26/05 1606.30 6/18/10 1616.19 
12/5/05 6/21/10 1615.69 
2/6/06 1607.91 6/24/10 1615.22 
4/3/06 1609.39 6/28/10 1610.97 
5/9/06 1609.21 7/1/10 1609.43 
6/6/06 1607.41 7/6/10 1610.21 
7/6/06 1605.09 7/9/10 1609.36 
8/9/06 1603.92 7/12/10 1610.45 
9/5/06 1605.50 7/16/10 1610.65 
10/13/06 1607.06 7/19/10 1609.06 
12/8/06 1607.67 7/23/10 1609.71 
2/5/07 7/26/10 1610.06 
4/10/07 1608.14 7/30/10 1607.91 
6/4/07 1610.87 8/2/10 1607.43 
7/10/07 1604.77 8/6/10 1609.92 
8/7/07 1605.48 8/9/10 1610.24 
9/6/07 1608.59 8/13/10 1609.56 
10/9/07 1609.41 8/16/10 1608.15 
12/2/07 8/20/10 1609.23 
2/1/08 8/23/10 1608.80 
4/8/08 1610.69 8/27/10 1607.74 
5/6/08 1611.02 8/30/10 1607.16 
5/30/08 1615.15 9/3/10 1607.98 
7/1/08 1610.27 9/7/10 1608.64 
8/6/08 1605.12 9/10/10 1608.87 
9/3/08 1604.72 9/13/10 1608.96 
10/9/08 1608.63 9/17/10 1609.19 
WILP-6 M easurements 
Groundwater Groundwater Groundwater 
Uaie Elevation (ft.) Uaie Elevation (ft.) ua ie Elevation (ft.) 
6/9/86 1604.77 9/5/91 1600.71 7/1/97 1606.98 
7/7/86 1603.96 10/11/91 1602.16 8/8/97 1605.05 
8/12/86 1603.84 12/9/91 1602.65 9/4/97 1605.31 
9/8/86 1604.13 2/5/92 1603.38 10/3/97 1606.68 
10/9/86 1604.61 3/26/92 1604.27 12/15/97 1607.18 
12/5/86 1605.02 5/12/92 1604.13 2/12/98 1607.24 
2/6/87 1604.86 6/5/92 1604.75 4/2/98 1607.77 
4/2/87 1606.05 7/8/92 1604.03 5/4/98 1607.46 
6/4/87 1604.91 8/4/92 1604.18 6/18/98 1607.67 
7/2/87 1603.10 9/3/92 1604.69 7/8/98 1607.18 
8/5/87 1602.23 10/6/92 1605.27 8/11/98 1606.07 
8/24/87 1603.31 12/1/92 1605.71 9/8/98 1606.06 
9/1/87 1603.66 2/2/93 1605.65 9/30/98 1606.61 
9/18/87 1603.94 4/2/93 1606.00 11/23/98 1607.35 
10/1/87 1604.08 6/15/93 1606.10 2/4/99 1607.35 
10/30/87 1604.11 7/6/93 1606.81 3/31/99 1607.69 
12/4/87 1604.30 7/29/93 1606.76 6/8/99 1607.58 
1/29/88 1604.73 9/8/93 1606.04 7/9/99 1606.76 
4/4/88 1604.72 10/4/93 1606.01 8/3/99 1604.88 
5/31/88 1604.67 12/7/93 1606.11 9/10/99 1604.52 
7/7/88 1602.17 2/11/94 1606.08 10/5/99 1606.20 
8/3/88 1602.32 3/31/94 1606.34 12/1/99 1606.92 
9/9/88 1602.83 6/7/94 1606.01 2/2/00 1607.12 
10/5/88 1603.38 7/15/94 1606.43 4/18/00 1607.73 
12/7/88 1603.58 8/2/94 1605.46 6/6/00 1607.82 
3/28/89 1604.44 9/8/94 1605.82 7/14/00 1606.65 
5/5/89 1604.07 9/28/94 1606.00 8/8/00 1603.96 
6/8/89 1603.35 12/6/94 1606.18 9/12/00 1604.48 
7/6/89 1602.20 1/31/95 1606.34 9/21/00 1605.14 
8/2/89 1601.67 3/30/95 1606.85 11/30/00 1606.48 
9/5/89 1602.41 5/2/95 1607.01 2/7/01 
10/4/89 1602.91 6/14/95 1606.93 3/29/01 1607.50 
12/1/89 1603.16 7/11/95 1605.10 6/15/01 1607.62 
2/2/90 1603.43 7/26/95 1604.71 7/13/01 1606.56 
4/2/90 1603.74 8/31/95 1605.91 8/7/01 1605.12 
6/6/90 1604.02 10/9/95 1606.98 9/4/01 1605.54 
7/3/90 1602.40 12/6/95 1607.08 9/27/01 1606.93 
7/31/90 1602.40 4/5/96 1607.07 12/6/01 1607.62 
9/5/90 1601.50 6/10/96 1607.40 2/2/02 
10/1/90 1602.20 8/8/96 1606.56 4/4/02 1607.74 
11/1/90 1602.59 9/13/96 1606.04 6/7/02 1607.27 
12/5/90 1602.78 10/2/96 1606.48 7/18/02 1603.34 
2/4/91 1602.93 12/4/96 1607.20 8/19/02 1604.30 
3/26/91 1603.50 2/14/97 1607.12 9/10/02 1604.73 
6/7/91 1604.02 3/31/97 1607.43 10/9/02 1605.81 
7/2/91 1602.86 5/8/97 1607.43 12/13/02 1606.43 
8/9/91 1601.36 6/3/97 1607.46 2/19/03 1607.17 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/13/03 1607.70 12/2/08 1609.60 9/20/10 1609.53 
6/10/03 1608.18 2/3/09 9/24/10 1609.59 
7/3/03 1606.00 4/8/09 1610.04 11/2/10 1609.87 
8/9/03 1605.18 5/7/09 1609.88 12/2/10 1609.87 
10/10/03 1605.95 6/2/09 1608.70 12/17/10 1610.33 
12/15/03 1606.67 7/7/09 1607.04 4/1/2011 1610.51 
2/6/04 8/11/09 1604.50 5/3/2011 1610.62 
4/2/04 1607.72 9/10/09 1608.26 7/11/2011 1607.91 
6/4/04 1608.14 10/19/09 1609.08 
7/12/04 1608.38 12/1/09 1612.00 
8/19/04 1604.71 4/5/10 1610.34 
9/7/04 1604.84 5/4/10 1610.39 
9/28/04 1606.06 5/24/10 1610.02 
12/9/04 1606.75 5/28/10 1610.05 
2/8/05 6/1/10 1610.20 
3/25/05 1607.85 6/4/10 1610.20 
5/4/05 1608.77 6/7/10 1610.03 
6/1/05 1608.96 6/11/10 1610.60 
7/7/05 1607.39 6/14/10 1611.64 
8/12/05 1605.36 6/16/10 1611.73 
9/26/05 1606.87 6/18/10 1611.57 
12/5/05 6/21/10 1611.30 
2/6/06 1608.07 6/24/10 1610.97 
4/3/06 1609.11 6/28/10 1610.27 
5/9/06 1609.00 7/1/10 1609.27 
6/6/06 1607.72 7/6/10 1609.80 
7/6/06 1606.12 7/9/10 1609.26 
8/9/06 1605.19 7/12/10 1610.08 
9/5/06 1606.28 7/16/10 1610.13 
10/13/06 1607.46 7/19/10 1609.05 
12/8/06 1607.94 7/23/10 1609.48 
2/5/07 7/26/10 1609.72 
4/10/07 1609.65 7/30/10 1608.25 
6/4/07 1610.08 8/2/10 1607.90 
7/10/07 1605.82 8/6/10 1609.62 
8/7/07 1606.34 8/9/10 1609.85 
9/6/07 1608.57 8/13/10 1609.44 
10/9/07 1609.10 8/16/10 1608.45 
12/2/07 8/20/10 1609.19 
2/1/08 8/23/10 1608.93 
4/8/08 1609.99 8/27/10 1608.11 
5/6/08 1610.20 8/30/10 1607.74 
5/30/08 1610.88 9/3/10 1608.26 
7/1/08 1609.73 9/7/10 1608.71 
8/6/08 1606.13 9/10/10 1608.98 
9/3/08 1605.79 9/13/10 1608.99 
10/9/08 1608.62 9/17/10 1609.13 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
6/9/86 1608.47 9/5/91 1602.10 7/1/97 1611.36 
mm 1607.17 10/11/91 1604.31 8/8/97 1608.14 
8/12/86 1606.97 12/9/91 1605.17 9/4/97 1608.61 
9/8/86 1607.43 2/5/92 1606.07 10/3/97 1610.92 
10/9/86 1608.15 3/26/92 1607.62 12/15/97 1611.62 
12/5/86 1608.47 5/12/92 1607.40 2/12/98 1611.6 
1608.31 6/5/92 1608.31 4/2/98 1612.54 
Aim? 1609.82 7/8/92 1607.23 5/4/98 1611.98 
6/4/87 1608.62 8/4/92 1607.39 6/18/98 1612.30 
7/2/87 1605.94 9/3/92 1608.35 7/8/98 1611.55 
8/5/87 1604.54 10/6/92 1609.41 8/11/98 1609.61 
8/24/87 1606.40 12/1/92 1610.23 9/8/98 1609.78 
9/1/87 1606.84 2/2/93 1610.03 9/30/98 1610.72 
9/18/87 1607.21 4/2/93 1610.64 11/23/98 1611.86 
10/1/87 1607.38 6/15/93 1610.87 2/4/99 1611.94 
10/30/87 1607.52 7/6/93 1611.67 3/31/99 1612.18 
12/4/87 1607.77 7/29/93 1611.64 6/8/99 1611.97 
1/29/88 1608.26 9/8/93 1610.61 7/9/99 1610.72 
4/4/88 1608.58 10/4/93 1610.67 8/3/99 1607.65 
5/31/88 1608.30 12/7/93 1610.72 9/10/99 1607.74 
mm 1604.32 2/11/94 1610.45 10/5/99 1609.91 
8/3/88 1604.83 3/31/94 1610.88 12/1/99 1610.91 
9/9/88 1605.69 6/7/94 1610.25 2/2/00 1611.65 
10/5/88 1606.46 7/15/94 1610.83 4/18/00 1612.04 
12/7/88 1606.93 8/2/94 1609.30 6/6/00 1612.15 
3/28/89 1608.01 9/8/94 1609.87 7/14/00 1610.31 
5/5/89 1607.49 9/28/94 1610.15 8/8/00 1605.96 
6/8/89 1606.25 12/6/94 1610.40 9/12/00 1607.18 
7/6/89 1604.33 1/31/95 1610.58 9/21/00 1608.12 
8/2/89 1603.47 3/30/95 1611.41 11/30/00 1610.15 
9/5/89 1604.80 5/2/95 1611.62 2/7/01 
10/4/89 1605.60 6/14/95 1608.46 3/29/01 1612.27 
12/1/89 1605.96 7/11/95 1605.24 6/15/01 1612.57 
2/2/90 1606.40 7/26/95 1604.65 7/13/01 1610.30 
4/2/90 1606.86 8/31/95 1606.71 8/7/01 1607.78 
6/6/90 1607.28 10/9/95 1608.53 9/4/01 1608.53 
7/3/90 1604.40 12/6/95 1608.55 9/27/01 1610.81 
7/31/90 1604.66 4/5/96 1611.71 12/6/01 1611.99 
9/5/90 1603.32 6/10/96 1612.22 2/2/02 
10/1/90 1604.46 8/8/96 1610.78 4/4/02 1612.04 
11/1/90 1604.99 9/13/96 1609.92 6/7/02 1611.23 
12/5/90 1605.29 10/2/96 1610.84 7/18/02 1605.02 
2/4/91 1605.47 12/4/96 1611.81 8/19/02 1606.63 
3/26/91 1606.20 2/14/97 1614.99 9/10/02 1607.38 
6/7/91 1607.11 3/31/97 1612.10 10/9/02 1609.00 
7/2/91 1605.22 5/8/97 1612.25 12/13/02 1610.21 
8/9/91 1603.10 6/3/97 1612.19 2/19/03 1610.93 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1611.64 12/2/08 1614.27 9/20/10 1613.86 
6/10/03 1612.51 2/3/09 9/24/10 1614.03 
7/3/03 1608.88 4/8/09 1614.82 11/2/10 1614.45 
8/9/03 1607.64 5/7/09 1614.6 12/2/10 1614.7 
10/10/03 1609.09 6/2/09 1612.73 2/17/10 1614.99 
12/15/03 1610.07 7/7/09 1609.93 4/1/11 1614.58 
2/6/04 8/11/09 1606.28 5/3/11 1614.73 
4/2/04 1611.69 9/10/09 1612.04 7/11/11 1611.19 
6/4/04 1612.3 10/19/09 1613.32 
7/12/04 1612.74 12/1/09 
8/19/04 1606.99 4/5/10 1614.56 
9/7/04 1607.29 5/4/10 1614.47 
9/28/04 1609.15 5/24/10 1614.72 
12/9/04 1610.32 5/28/10 1614.74 
2/8/05 6/1/10 1614.33 
3/25/05 1611.75 6/4/10 1614.37 
5/4/05 1613.22 6/7/10 1614.69 
6/1/05 1613.56 6/11/10 1614.73 
7/7/05 1611.04 6/14/10 1616.53 
8/12/05 1608.01 6/16/10 1616.84 
9/26/05 1610.33 6/18/10 1617.77 
12/5/05 6/21/10 1616.06 
2/6/06 1612.17 6/24/10 1615.57 
4/3/06 1613.69 6/28/10 1614.64 
5/9/06 1613.55 7/1/10 1613.46 
6/6/06 1611.59 7/6/10 1614.39 
7/6/06 1608.85 7/9/10 1613.44 
8/9/06 1607.6 7/12/10 1614.77 
9/5/06 1609.36 7/16/10 1614.28 
10/13/06 1611.1 7/19/10 1613.06 
12/8/06 1611.49 7/23/10 1613.86 
2/5/07 7/26/10 1614.26 
4/10/07 1614.41 7/30/10 1611.83 
6/4/07 1614.99 8/2/10 1611.25 
7/10/07 1608.41 8/6/10 1614.03 
8/7/07 1609.32 8/9/10 1614.39 
9/6/07 1612.76 8/13/10 1613.66 
10/9/07 1613.67 8/16/10 1612.12 
12/2/07 8/20/10 1613.35 
2/1/08 8/23/10 1612.96 
4/8/08 8/27/10 1611.66 
5/6/08 8/30/10 1610.07 
5/30/08 1615.35 9/3/10 1611.97 
7/1/08 1614.6 9/7/10 1612.72 
8/6/08 1608.88 9/10/10 1612.99 
9/3/08 1608.4 9/13/10 1613.06 








Elevation (ft.) Elevation (ft.) Elevation (ft.) 
6/9/86 1606.78 9/5/91 1601.48 7/1/97 1608.76 
imm 1605.62 10/11/91 1603.19 8/8/97 1606.39 
8/12/86 1605.44 12/9/91 1603.77 9/4/97 1606.69 
9/8/86 1605.82 2/5/92 1604.65 10/3/97 1608.34 
10/9/86 1606.31 3/26/92 1605.72 12/15/97 1608.91 
12/5/86 1606.77 5/12/92 1605.54 2/12/98 1608.97 
2/6/87 1606.54 6/5/92 1606.33 4/2/98 1609.62 
4/2/87 1608.05 7/8/92 1605.4 5/4/98 1609.28 
6/4/87 1606.92 8/4/92 1605.63 6/18/98 1609.47 
iimi 1604.76 9/3/92 1606.23 7/8/98 1608.87 
815187 1603.61 10/6/92 1607.04 8/11/98 1607.57 
8/24/87 1604.96 12/1/92 1607.61 9/8/98 1607.49 
9/1/87 1605.33 2/2/93 1607.53 9/30/98 1608.16 
9/18/87 1605.56 4/2/93 1607.99 11/23/98 1609.03 
10/1/87 1605.80 6/15/93 1608.12 2/4/99 1609 
10/30/87 1605.79 7/6/93 1608.89 3/31/99 1609.42 
12/4/87 1606.00 7/29/93 1608.88 6/8/99 1609.27 
1/29/88 1606.51 9/8/93 1607.99 7/9/99 1608.34 
4/4/88 1606.68 10/4/93 1607.97 8/3/99 1606.01 
5/31/88 1606.50 12/7/93 1608.04 9/10/99 1605.93 
7/7/88 1603.47 2/11/94 1607.99 10/5/99 1607.54 
8/3/88 1603.65 3/31/94 1608.27 12/1/99 1608.42 
9/9/88 1604.30 6/7/94 1607.88 2/2/00 1609.03 
10/5/88 1604.96 7/15/94 1608.26 4/18/00 1609.35 
12/7/88 1605.22 8/2/94 1607.12 6/6/00 1609.46 
3/28/89 1606.15 9/8/94 1607.49 7/14/00 1608.01 
5/5/89 1605.78 9/28/94 1607.71 8/8/00 1604.86 
6/8/89 1604.91 12/6/94 1607.94 9/12/00 1605.44 
7/6/89 1603.44 1/31/95 1608.11 9/21/00 1605.87 
8/2/89 1602.77 3/30/95 1608.7 11/30/00 1607.8 
9/5/89 1603.64 5/2/95 1608.91 2/7/01 
10/4/89 1604.28 6/14/95 1608.81 3/29/01 1609.47 
12/1/89 1604.54 7/11/95 1606.55 6/15/01 1609.65 
2/2/90 1604.90 7/26/95 1606.07 7/13/01 1607.94 
4/2/90 1605.25 8/31/95 1607.52 8/7/01 1606.22 
6/6/90 1605.57 10/9/95 1608.84 9/4/01 1606.68 
7/3/90 1603.58 12/6/95 1609 9/27/01 1608.3 
7/31/90 1603.58 4/5/96 1608.92 12/6/01 1609.12 
9/5/90 1602.44 6/10/96 1609.33 2/2/02 
10/1/90 1603.34 8/8/96 1608.11 4/4/02 1609.26 
11/1/90 1603.80 9/13/96 1607.61 6/7/02 1608.67 
12/5/90 1604.01 10/2/96 1608.13 7/18/02 1604.08 
2/4/91 1604.14 12/4/96 1609.02 8/19/02 1605.12 
3/26/91 1604.81 2/14/97 1608.9 9/10/02 1605.61 
6/7/91 1605.43 3/31/97 1609.33 10/9/02 1606.91 
7/2/91 1604.07 5/8/97 1609.31 12/13/02 1607.88 
8/9/91 1602.18 6/3/97 1609.32 2/19/03 1608.48 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1609.14 12/2/08 1611.19 9/20/10 1610.99 
6/10/03 1609.67 2/3/09 9/24/10 1611.05 
7/3/03 1607.16 4/8/09 1611.7 11/2/10 1611.41 
8/9/03 1606.19 5/7/09 1611.48 12/2/10 1611.43 
10/10/03 1607 6/2/09 1610.06 2/17/10 1611.94 
12/15/03 1607.82 7/7/09 1608.17 4/1/11 1612.15 
2/6/04 8/11/09 1605.22 5/3/11 1612.3 
4/2/04 1609.07 9/10/09 1609.52 7/11/11 1609.16 
6/4/04 1609.58 10/19/09 1610.48 
7/12/04 1609.87 12/1/09 
8/19/04 1605.56 4/5/10 1612.04 
9/7/04 1605.68 5/4/10 1612.06 
9/28/04 1607.06 5/24/10 1611.64 
12/9/04 1607.95 5/28/10 1611.64 
2/8/05 6/1/10 1611.8 
3/25/05 1609.14 6/4/10 1611.82 
5/4/05 1610.3 6/7/10 1611.63 
6/1/05 1610.54 6/11/10 1612.23 
7/7/05 1608.72 6/14/10 1613.48 
8/12/05 1606.22 6/16/10 1613.62 
9/26/05 1608.03 6/18/10 1613.44 
12/5/05 6/21/10 1613.16 
2/6/06 1609.41 6/24/10 1612.8 
4/3/06 1610.63 6/28/10 1611.94 
5/9/06 1610.54 7/1/10 1610.75 
6/6/06 1609.07 7/6/10 1611.36 
7/6/06 1607.17 7/9/10 1610.72 
8/9/06 1606.06 7/12/10 1611.65 
9/5/06 1607.3 7/16/10 1611.65 
10/13/06 1608.63 7/19/10 1610.5 
12/8/06 1609.22 7/23/10 1610.95 
2/5/07 7/26/10 1611.27 
4/10/07 1611.29 7/30/10 1609.54 
6/4/07 1611.8 8/2/10 1609.05 
7/10/07 1606.78 8/6/10 1611.1 
8/7/07 1607.34 8/9/10 1611.37 
9/6/07 1609.95 8/13/10 1610.95 
10/9/07 1610.58 8/16/10 1609.75 
12/2/07 8/20/10 1610.6 
2/1/08 8/23/10 1610.34 
4/8/08 1611.67 8/27/10 1609.36 
5/6/08 1611.93 8/30/10 1608.94 
5/30/08 1612.75 9/3/10 1609.52 
7/1/08 1611.46 9/7/10 1610.07 
8/6/08 1607.14 9/10/10 1610.34 
9/3/08 1606.73 9/13/10 1610.37 
10/9/08 1609.97 9/17/10 1610.52 







Elevation (ft.) Elevation (ft.) Elevation (ft.) 
6/9/86 1609.95 9/5/91 1602.52 7/1/97 1612.48 
iiiim 1608.49 10/11/91 1604.97 8/8/97 1608.91 
8/12/86 1608.23 12/9/91 1605.83 9/4/97 1609.47 
9/8/86 1608.80 2/5/92 1606.82 10/3/97 1611.93 
10/9/86 1609.55 3/26/92 1608.49 12/15/97 1612.69 
12/5/86 1609.90 5/12/92 1608.16 2/12/98 1612.7 
2/6/87 1609.67 6/5/92 1609.24 4/2/98 1613.68 
4/2/87 1611.32 7/8/92 1608.05 5/4/98 1613.06 
6/4/87 1610.09 8/4/92 1608.27 6/18/98 1613.38 
iimi 1607.05 9/3/92 1609.28 7/8/98 1612.57 
mi8i 1605.45 10/6/92 1610.48 8/11/98 1610.46 
mmi 1607.57 12/1/92 1611.35 9/8/98 1610.65 
9/1/87 1608.07 2/2/93 1611.15 9/30/98 1611.67 
9/18/87 1608.43 4/2/93 1611.82 11/23/98 1612.89 
10/1/87 1608.66 6/15/93 1612.06 2/4/99 1612.74 
10/30/87 1608.80 7/6/93 1612.87 3/31/99 1613.21 
12/4/87 1609.08 7/29/93 1612.92 6/8/99 1612.95 
1/29/88 1609.58 9/8/93 1611.8 7/9/99 1611.63 
4/4/88 1609.98 10/4/93 1611.88 8/3/99 1608.29 
5/31/88 1609.60 12/7/93 1611.89 9/10/99 1608.38 
7/7/88 1605.08 2/11/94 1611.64 10/5/99 1610.74 
8/3/88 1605.71 3/31/94 1612.08 12/1/99 1611.81 
9/9/88 1606.68 6/7/94 1611.41 2/2/00 1612.62 
10/5/88 1607.54 7/15/94 1612.01 4/18/00 1612.99 
12/7/88 1608.08 8/2/94 1610.32 6/6/00 1613.09 
3/28/89 1609.24 9/8/94 7/14/00 1611.08 
5/5/89 1608.67 9/28/94 8/8/00 1606.36 
6/8/89 1607.26 12/6/94 1611.53 9/12/00 1607.71 
7/6/89 1605.04 1/31/95 1611.68 9/21/00 1608.73 
8/2/89 1604.07 3/30/95 1612.59 11/30/00 1610.89 
9/5/89 1605.61 5/2/95 1612.85 2/7/01 
10/4/89 1606.52 6/14/95 1612.74 3/29/01 1613.15 
12/1/89 1606.87 7/11/95 1609.24 6/15/01 1613.47 
2/2/90 1607.35 7/26/95 1608.61 7/13/01 1610.73 
4/2/90 1607.87 8/31/95 1610.86 8/7/01 1608.27 
6/6/90 1608.31 10/9/95 1612.82 9/4/01 1609.07 
7/3/90 1605.04 12/6/95 1612.84 9/27/01 1611.57 
7/31/90 1605.43 4/5/96 1612.91 12/6/01 1612.78 
9/5/90 1603.85 6/10/96 1613.47 2/2/02 
10/1/90 1605.16 8/8/96 1611.84 4/4/02 1612.85 
11/1/90 1605.75 9/13/96 1610.9 6/7/02 1611.93 
12/5/90 1606.08 10/2/96 1611.94 7/18/02 1605.26 
2/4/91 1606.28 12/4/96 1612.95 8/19/02 1607 
3/26/91 1607.07 2/14/97 1612.85 9/10/02 1607.84 
6/7/91 1608.01 3/31/97 1613.33 10/9/02 1609.52 
7/2/91 1605.87 5/8/97 1613.43 12/13/02 1610.83 








Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1612.36 12/2/08 1614.94 9/20/10 1614.43 
6/10/03 1613.26 2/3/09 9/24/10 1614.6 
7/3/03 1609.34 4/8/09 1615.48 11/2/10 1615.06 
8/9/03 1608.06 5/7/09 1615.25 12/2/10 1615.09 
10/10/03 1609.63 6/2/09 1613.29 2/17/10 1615.66 
12/15/03 1610.63 7/7/09 1610.34 4/1/11 1615.97 
2/6/04 8/11/09 1606.5 5/3/11 1616.18 
4/2/04 1612.35 9/10/09 1612.58 7/11/11 1611.61 
6/4/04 1613.04 10/19/09 1613.9 
7/12/04 1613.45 12/1/09 
8/19/04 1607.32 4/5/10 1615.87 
9/7/04 1607.68 5/4/10 1615.9 
9/28/04 1609.64 5/24/10 1615.35 
12/9/04 1610.89 5/28/10 1615.34 
2/8/05 6/1/10 1615.57 
3/25/05 1612.36 6/4/10 1615.6 
5/4/05 1613.93 6/7/10 1615.31 
6/1/05 1613.28 6/11/10 1616.16 
7/7/05 1611.63 6/14/10 1617.81 
8/12/05 1608.39 6/16/10 1618.04 
9/26/05 1610.88 6/18/10 1617.82 
12/5/05 6/21/10 1617.45 
2/6/06 1612.75 6/24/10 1616.99 
4/3/06 1614.33 6/28/10 1615.81 
5/9/06 1614.24 7/1/10 1613.95 
6/6/06 1612.18 7/6/10 1615.01 
7/6/06 1609.24 7/9/10 1613.94 
8/9/06 1607.94 7/12/10 1615.35 
9/5/06 1609.79 7/16/10 1615.5 
10/13/06 1611.62 7/19/10 1613.56 
12/8/06 1612.32 7/23/10 1614.42 
2/5/07 7/26/10 1614.85 
4/10/07 1615.07 7/30/10 1612.26 
6/4/07 1615.92 8/2/10 1611.72 
7/10/07 1608.72 8/6/10 1614.58 
8/7/07 1609.74 8/9/10 1614.95 
9/6/07 1613.35 8/13/10 1614.17 
10/9/07 1614.29 8/16/10 1612.59 
12/2/07 8/20/10 1613.9 
2/1/08 8/23/10 1613.51 
4/8/08 1615.7 8/27/10 1612.08 
5/6/08 1616.04 8/30/10 1611.5 
5/30/08 1617.07 9/3/10 1612.47 
7/1/08 1615.33 9/7/10 1613.25 
8/6/08 1609.27 9/10/10 1613.53 
9/3/08 1608.75 9/13/10 1613.6 








Elevation (ft.) Elevation (ft.) Elevation (ft.) 
6/9/86 1606.20 9/5/91 1601.83 7/1/97 1609.08 
7/7/86 1605.28 10/11/91 1603.5 8/8/97 1606.65 
8/12/86 1605.12 12/9/91 1604.08 9/4/97 1606.97 
9/8/86 1605.45 2/5/92 1604.8 10/3/97 1608.74 
10/9/86 1605.82 3/26/92 1605.74 12/15/97 1609.36 
12/5/86 1606.10 5/12/92 1605.65 2/12/98 1609.39 
2/6/87 1605.97 6/5/92 1606.26 4/2/98 1610.13 
4/2/87 1607.13 7/8/92 1605.51 5/4/98 1609.79 
6/4/87 1606.31 8/4/92 1605.61 6/18/98 1610.04 
7/2/87 1604.62 9/3/92 1606.23 7/8/98 1609.45 
8/5/87 1603.69 10/6/92 1606.93 8/11/98 1607.98 
8/24/87 1604.83 12/1/92 1607.47 9/8/98 1608 
9/1/87 1605.12 2/2/93 1607.34 9/30/98 1608.77 
9/18/87 1605.32 4/2/93 1607.76 11/23/98 1609.7 
10/1/87 1605.44 6/15/93 1607.97 2/4/99 1609.67 
10/30/87 1605.50 7/6/93 1608.66 3/31/99 1610.11 
12/4/87 1605.64 7/29/93 1608.62 6/8/99 1609.95 
1/29/88 1605.97 9/8/93 1607.86 7/9/99 1609.02 
4/4/88 1606.21 10/4/93 1607.88 8/3/99 1606.47 
5/31/88 1606.02 12/7/93 1607.95 9/10/99 1606.42 
7/7/88 1603.50 2/11/94 1607.82 10/5/99 1608.24 
8/3/88 1603.76 3/31/94 1608.15 12/1/99 1609.16 
9/9/88 1604.34 6/7/94 1607.76 2/2/00 1609.82 
10/5/88 1604.85 7/15/94 1608.15 4/18/00 1610.16 
12/7/88 1605.13 8/2/94 1607.12 6/6/00 1610.32 
3/28/89 1605.86 9/8/94 1607.48 7/14/00 1608.75 
5/5/89 1605.54 9/28/94 1607.71 8/8/00 1605.17 
6/8/89 1604.81 12/6/94 1607.93 9/12/00 1606 
7/6/89 1603.50 1/31/95 1608.1 9/21/00 1606.79 
8/2/89 1602.88 3/30/95 1608.68 11/30/00 1608.3 
9/5/89 1603.80 5/2/95 1608.87 2/7/01 
10/4/89 1604.33 6/14/95 1608.84 3/29/01 1610.05 
12/1/89 1604.60 7/11/95 1606.61 6/15/01 1610.63 
2/2/90 1604.92 7/26/95 1606.14 7/13/01 1608.63 
4/2/90 1605.23 8/31/95 1607.53 8/7/01 1606.82 
6/6/90 1605.51 10/9/95 1608.82 9/4/01 1607.26 
7/3/90 1603.66 12/6/95 1608.95 9/27/01 1609.17 
7/31/90 1603.80 4/5/96 1609.06 12/6/01 1610.13 
9/5/90 1602.73 6/10/96 1609.5 2/2/02 
10/1/90 1603.55 8/8/96 1608.3 4/4/02 1610.2 
11/1/90 1603.97 9/13/96 1607.76 6/7/02 1609.57 
12/5/90 1604.18 10/2/96 1608.42 7/18/02 1604.38 
2/4/91 1604.42 12/4/96 1609.27 8/19/02 1605.57 
3/26/91 1604.90 2/14/97 1609.2 9/10/02 1606.21 
6/7/91 1605.48 3/31/97 1609.59 10/9/02 1607.62 
7/2/91 1604.14 5/8/97 1609.67 12/13/02 1608.72 








Elevation (ft.) Elevation (ft.) ter 
3/31/03 1610 12/2/08 1609.06 9/20/10 1608.86 
6/10/03 1610.67 2/3/09 9/24/10 1608.96 
7/3/03 1607.75 4/8/09 1609.58 11/2/10 1609.35 
8/9/03 1606.64 5/7/09 1609.41 12/2/10 1609.36 
10/10/03 1607.7 6/2/09 1607.87 2/17/10 1609.85 
12/15/03 1608.64 7/7/09 1605.72 4/1/11 1610.12 
2/6/04 8/11/09 1602.47 5/3/11 1610.29 
4/2/04 1609.95 9/10/09 1607.27 7/11/11 1606.78 
6/4/04 1610.54 10/19/09 1608.35 
7/12/04 1610.82 12/1/09 
8/19/04 1605.98 4/5/10 1610.02 
9/7/04 1606.2 5/4/10 1610.07 
9/28/04 1607.73 5/24/10 1609.61 
12/9/04 1609.11 5/28/10 1609.62 
2/8/05 6/1/10 1609.8 
3/25/05 1610 6/4/10 1609.82 
5/4/05 1611.25 6/7/10 1609.6 
6/1/05 1611.5 6/11/10 1610.26 
7/7/05 1606.39 6/14/10 1611.57 
8/12/05 1603.66 6/16/10 1611.75 
9/26/05 1605.64 6/18/10 1611.57 
12/5/05 6/21/10 1611.3 
2/6/06 1607.19 6/24/10 1610.91 
4/3/06 1608.44 6/28/10 1609.93 
5/9/06 1608.38 7/1/10 1608.55 
6/6/06 1606.79 7/6/10 1609.29 
7/6/06 1604.6 7/9/10 1608.52 
8/9/06 1603.41 7/12/10 1609.6 
9/5/06 1604.79 7/16/10 1609.7 
10/13/06 1606.33 7/19/10 1608.24 
12/8/06 1606.95 7/23/10 1608.86 
2/5/07 7/26/10 1609.19 
4/10/07 1609.15 7/30/10 1607.21 
6/4/07 1609.72 8/2/10 1606.68 
7/10/07 1604.25 8/6/10 1608.96 
8/7/07 1604.91 8/9/10 1609.28 
9/6/07 1607.75 8/13/10 1608.76 
10/9/07 1608.48 8/16/10 1607.49 
12/2/07 8/20/10 1608.45 
2/1/08 8/23/10 1608.21 
4/8/08 1609.6 8/27/10 1607.04 
5/6/08 1609.85 8/30/10 1606.62 
5/30/08 1610.7 9/3/10 1607.29 
7/1/08 1609.32 9/7/10 1607.9 
8/6/08 1604.68 9/10/10 1608.18 
9/3/08 1604.17 9/13/10 1608.2 
10/9/08 1607.76 9/17/10 1608.4 
WILP-11 Measurements 
Groundwater Groundwater Groundwater 
ua ie Elevation (ft.) ua ie Elevation (ft.) ua ie Elevation (ft.) 
6/9/86 1604.16 9/5/91 1594.64 7/1/97 1605.98 
7/7/86 1602.30 10/11/91 1597.51 8/8/97 1602.06 
8/12/86 1601.87 12/9/91 1598.5 9/4/97 1602.39 
9/8/86 1602.66 2/5/92 1599.64 10/3/97 1605.14 
10/9/86 1603.51 3/26/92 1601.42 12/15/97 1606.12 
12/5/86 1603.96 5/12/92 1601.3 2/12/98 1606.09 
2/6/87 1603.73 6/5/92 1602.4 4/2/98 1607.06 
4/2/87 1605.43 7/8/92 1600.94 5/4/98 1606.62 
6/4/87 1604.31 8/4/92 1601.1 6/18/98 1606.77 
7/2/87 1600.72 9/3/92 1602.31 7/8/98 1605.89 
8/5/87 1598.52 10/6/92 1604.82 8/11/98 1603.56 
8/24/87 1600.92 12/1/92 1604.91 9/8/98 1603.59 
9/1/87 1601.64 2/2/93 1604.67 9/30/98 1604.76 
9/18/87 1602.14 4/2/93 1605.4 11/23/98 1606.19 
10/1/87 1602.41 6/15/93 1605.84 2/4/99 1606.02 
10/30/87 1602.62 7/6/93 1606.6 3/31/99 1606.62 
12/4/87 1602.92 7/29/93 1606.86 6/8/99 1606.34 
1/29/88 1603.51 9/8/93 1605.47 7/9/99 1605.11 
4/4/88 1604.00 10/4/93 1605.61 8/3/99 1601.21 
5/31/88 1603.53 12/7/93 1605.57 9/10/99 1600.93 
7/7/88 1597.93 2/11/94 1605.26 10/5/99 1603.62 
8/3/88 1598.54 3/31/94 1605.8 12/1/99 1604.84 
9/9/88 1599.80 6/7/94 1604.97 2/2/00 1605.74 
10/5/88 1600.90 7/15/94 1605.51 4/18/00 1606.21 
12/7/88 1601.53 8/2/94 1603.88 6/6/00 1606.34 
3/28/89 1602.85 9/8/94 1604.23 7/14/00 1603.93 
5/5/89 1602.22 9/28/94 1604.7 8/8/00 1598.83 
6/8/89 1600.59 12/6/94 1605.03 9/12/00 1600.03 
7/6/89 1597.84 1/31/95 1605.21 9/21/00 1601.14 
8/2/89 1596.46 3/30/95 1606.13 11/30/00 1603.34 
9/5/89 1598.40 5/2/95 1606.64 2/7/01 
10/4/89 1599.55 6/14/95 1606.72 3/29/01 1606.17 
12/1/89 1600.04 7/11/95 1602.72 6/15/01 1606.7 
2/2/90 1600.55 7/26/95 1601.72 7/13/01 1603.67 
4/2/90 1601.11 8/31/95 1604.08 8/7/01 1601.12 
6/6/90 1601.61 10/9/95 1606.32 9/4/01 1601.58 
7/3/90 1597.91 12/6/95 1606.55 9/27/01 1604.31 
7/31/90 1598.13 4/5/96 1606.53 12/6/01 1605.7 
9/5/90 1596.11 6/10/96 1607.3 2/2/02 
10/1/90 1597.84 8/8/96 1604.85 4/4/02 1605.83 
11/1/90 1598.58 9/13/96 1604.04 6/7/02 1604.87 
12/5/90 1598.97 10/2/96 1605.28 7/18/02 1597.61 
2/4/91 1599.18 12/4/96 1606.55 8/19/02 1599.07 
3/26/91 1600.01 2/14/97 1606.37 9/10/02 1600.03 
6/7/91 1601.05 3/31/97 1606.91 10/9/02 1602.04 
7/2/91 1598.49 5/8/97 1607.07 12/13/02 1603.44 








Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1605.06 12/2/08 1607.79 9/20/10 1607.05 
6/10/03 1606.26 2/3/09 9/24/10 1607.24 
7/3/03 1602.21 4/8/09 1608.35 11/2/10 1607.81 
8/9/03 1600.5 5/7/09 1608.14 12/2/10 1607.85 
10/10/03 1601.97 6/2/09 1606.11 2/17/10 1608.32 
12/15/03 1603.22 7/7/09 1603.23 4/1/11 1608.8 
2/6/04 8/11/09 1598.75 5/3/11 1609.03 
4/2/04 1604.99 9/10/09 1605.05 7/11/11 1604.59 
6/4/04 1605.94 10/19/09 1606.53 
7/12/04 1606.41 12/1/09 
8/19/04 1599.56 4/5/10 1608.83 
9/7/04 1599.86 5/4/10 1608.8 
9/28/04 1601.87 5/24/10 1608.25 
12/9/04 1603.81 5/28/10 1608.22 
2/8/05 6/1/10 1608.39 
3/25/05 1605.02 6/4/10 1608.44 
5/4/05 1606.85 6/7/10 1608.19 
6/1/05 1607.33 6/11/10 1608.87 
7/7/05 1604.78 6/14/10 1610.45 
8/12/05 1600.55 6/16/10 1610.8 
9/26/05 1603.29 6/18/10 1610.68 
12/5/05 6/21/10 1610.42 
2/6/06 1605.4 6/24/10 1610.05 
4/3/06 1607.02 6/28/10 1608.85 
5/9/06 1607.2 7/1/10 1607.02 
6/6/06 1605.03 7/6/10 1607.89 
7/6/06 1601.93 7/9/10 1606.85 
8/9/06 1600.06 7/12/10 1608.12 
9/5/06 1602.03 7/16/10 1608.32 
10/13/06 1604.03 7/19/10 1606.44 
12/8/06 1604.9 7/23/10 1607.21 
2/5/07 7/26/10 1607.64 
4/10/07 1607.99 7/30/10 1605.14 
6/4/07 1608.93 8/2/10 1604.33 
7/10/07 1601.51 8/6/10 1607.2 
8/7/07 1602.13 8/9/10 1607.64 
9/6/07 1606.05 8/13/10 1606.98 
10/9/07 1607.08 8/16/10 1605.46 
12/2/07 8/20/10 1606.63 
2/1/08 8/23/10 1606.4 
4/8/08 1608.66 8/27/10 1604.83 
5/6/08 1608.98 8/30/10 1604.34 
5/30/08 1609.99 9/3/10 1605.14 
7/1/08 1608.47 9/7/10 1605.92 
8/6/08 1602.08 9/10/10 1606.24 
9/3/08 1601.14 9/13/10 1606.27 








Elevation (ft.) Elevation (ft.) Elevation (ft.) 
6/9/86 1608.62 9/5/91 1602.73 7/1/97 1610.14 
iRim 1607.74 10/11/91 1604.75 8/8/97 1607.71 
1607.48 12/9/91 1605.42 9/4/97 1608.14 
9/8/86 1607.80 2/5/92 1606.24 10/3/97 1609.79 
10/9/86 1608.40 3/26/92 1607.57 12/15/97 1610.33 
12/5/86 1608.60 5/12/92 1607.33 2/12/98 1610.36 
2/6/87 1608.50 6/5/92 1608.08 4/2/98 1611.02 
4/2/87 1609.71 7/8/92 1607.26 5/4/98 1610.6 
6/4/87 1608.76 8/4/92 1607.48 6/18/98 1610.8 
1I2IQ1 1606.77 9/3/92 1608.17 7/8/98 1610.26 
8/5/87 1605.53 10/6/92 1608.96 8/11/98 1608.83 
8/24/87 1607.04 12/1/92 1609.61 9/8/98 1608.96 
9/1/87 1607.34 2/2/93 1609.48 9/30/98 1609.63 
9/18/87 1607.63 4/2/93 1609.97 11/23/98 1610.48 
10/1/87 1607.74 6/15/93 1610.08 2/4/99 1610.39 
10/30/87 1607.86 7/6/93 1610.68 3/31/99 1610.67 
12/4/87 1608.07 7/29/93 1610.71 6/8/99 1610.6 
1/29/88 1608.43 9/8/93 1609.88 7/9/99 1609.56 
4/4/88 1608.50 10/4/93 1609.9 8/3/99 1607.35 
5/31/88 1608.45 12/7/93 1609.93 9/10/99 1607.4 
717188 1605.40 2/11/94 10/5/99 1608.95 
8/3/88 1605.81 3/31/94 1610.03 12/1/99 1609.75 
9/9/88 1606.32 6/7/94 1609.5 2/2/00 1610.26 
10/5/88 1606.96 7/15/94 1610.01 4/18/00 1610.53 
12/7/88 1607.34 8/2/94 1608.73 6/6/00 1610.91 
3/28/89 1608.17 9/8/94 1609.25 7/14/00 1609.26 
5/5/89 1607.80 9/28/94 1609.44 8/8/00 1606.1 
6/8/89 1606.83 12/6/94 1609.62 9/12/00 1606.9 
7/6/89 1605.11 1/31/95 1609.72 9/21/00 1607.61 
8/2/89 1604.53 3/30/95 1610.34 11/30/00 1609.12 
9/5/89 1605.34 5/2/95 1610.51 2/7/01 
10/4/89 1606.10 6/14/95 1610.4 3/29/01 1610.71 
12/1/89 1606.42 7/11/95 1608.1 6/15/01 1610.87 
2/2/90 1606.76 7/26/95 1607.58 7/13/01 1609.12 
4/2/90 1607.15 8/31/95 1609.03 8/7/01 1607.35 
6/6/90 1607.42 10/9/95 1610.52 9/4/01 1608.01 
7/3/90 1605.08 12/6/95 1610.47 9/27/01 1609.65 
7/31/90 1605.13 4/5/96 1610.5 12/6/01 1610.54 
9/5/90 1604.07 6/10/96 1610.84 2/2/02 
10/1/90 1604.96 8/8/96 1609.92 4/4/02 1610.48 
11/1/90 1605.37 9/13/96 1609.18 6/7/02 1609.87 
12/5/90 1605.64 10/2/96 1609.81 7/18/02 1605.32 
2/4/91 1605.80 12/4/96 1610.55 8/19/02 1606.52 
3/26/91 1606.46 2/14/97 9/10/02 1607.04 
6/7/91 1607.22 3/31/97 1610.74 10/9/02 1608.24 
7/2/91 1605.89 5/8/97 1610.8 12/13/02 1609.1 








Elevation (ft.) Elevation (ft.) Elevation (ft.) 
3/31/03 1610.15 12/2/08 1612.19 9/20/10 1611.92 
6/10/03 1610.61 2/3/09 9/24/10 1612.05 
7/3/03 1608.19 4/8/09 1612.03 11/2/10 1612.36 
8/9/03 1607.23 5/7/09 1611.90 12/2/10 1612.41 
10/10/03 1608.23 6/2/09 1611.00 2/17/10 1612.50 
12/15/03 1608.98 7/7/09 1608.91 4/1/11 1612.22 
2/6/04 8/11/09 1606.21 5/3/11 1612.32 
4/2/04 1610.17 9/10/09 1610.38 7/11/11 1609.94 
6/4/04 1610.5 10/19/09 1611.43 
7/12/04 1610.94 12/1/09 
8/19/04 1606.85 4/5/10 1612.28 1 
9/7/04 1606.89 5/4/10 1612.35 
9/28/04 1608.31 5/24/10 1611.99 
12/9/04 1609.42 5/28/10 1612.02 
2/8/05 6/1/10 1612.16 
3/25/05 1610.23 6/4/10 1612.22 
5/4/05 1611.3 6/7/10 1611.99 
6/1/05 1611.57 6/11/10 1612.58 
7/7/05 1609.65 6/14/10 1613.86 
8/12/05 1607.57 6/16/10 1614.01 
9/26/05 1609.16 6/18/10 1613.71 
12/5/05 6/21/10 1613.58 
2/6/06 1610.52 6/24/10 1612.92 
4/3/06 1611.79 6/28/10 1612.38 
5/9/06 1611.52 7/1/10 1611.80 
6/6/06 1610.08 7/6/10 1612.39 
7/6/06 1608.15 7/9/10 1611.69 
8/9/06 1607.13 7/12/10 1612.08 
9/5/06 1608.48 7/16/10 1612.05 
10/13/06 1609.78 7/19/10 1611.44 
12/8/06 1610.29 7/23/10 1611.98 
2/5/07 7/26/10 1612.25 
4/10/07 1612.43 7/30/10 1610.46 
6/4/07 1612.5 8/2/10 1610.14 i 
7/10/07 1607.9 8/6/10 1612.20 
8/7/07 1608.41 8/9/10 1611.89 
1 
9/6/07 1611.01 8/13/10 1611.83 
10/9/07 1611.68 8/16/10 1610.60 
12/2/07 8/20/10 1611.52 
2/1/08 8/23/10 1611.04 
4/8/08 8/27/10 1610.32 
5/6/08 8/30/10 1609.75 
5/30/08 1612.35 9/3/10 1610.42 
7/1/08 1612.39 9/7/10 1610.96 
8/6/08 1608.07 9/10/10 1611.14 
9/3/08 1607.77 9/13/10 1611.25 
10/9/08 1610.98 9/17/10 1611.35 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
6 /9/86 1606.51 9/5/91 1601.84 7/1/97 1607.65 
iiiim 1605.83 10/11/91 1603.41 8/8/97 1605.94 
8/12/86 1605.55 12/9/91 1603.97 9/4/97 1606.11 
9/8/86 1605.79 2/5/92 1604.63 10/3/97 1607.26 
10/9/86 1606.23 3/26/92 1605.72 12/15/97 1607.71 
12/5/86 1606.41 5/12/92 1605.58 2/12/98 1607.7 
216187 1606.35 6/5/92 1606.13 4/2/98 1608.33 
4/2/87 1607.44 7/8/92 1605.5 5/4/98 1607.12 
6/4/87 1606.60 8/4/92 1605.67 6/18/98 1608.21 
7/2/87 1605.16 9/3/92 1606,19 7/8/98 1607.7 
8/5/87 1604.23 10/6/92 1606.77 8/11/98 1606,67 
8/24/87 1605.20 12/1/92 1607.31 9/8/98 1606.67 
9/1/87 1605.43 2/2/93 1607.18 9/30/98 1607,13 
9/18/87 1605.66 4 /2 /93 1607.64 11/23/98 1607.84 
10/1/87 1605.77 6/15/93 1607.7 2/4/99 1607,78 
10/30/87 1605.70 7/6/93 1608.21 3/31/99 1608.03 
12/4/87 1605.99 7/29/93 1608.24 6/8/99 1608.01 
1/29/88 1606.30 9/8/93 1607.5 7/9/99 1607.36 
4 /4 /88 1606.54 10/4/93 1607.43 8/3/99 1604.75 
5/31/88 1606.44 12/7/93 1607.47 9/10/99 1605.55 
7/7/88 1604.16 2/11/94 1607.27 10/5/99 1606.64 
8/3/88 1604.33 3/31/94 1607.57 12/1/99 1607.27 
9/9/88 1604.63 6/7/94 1607.11 2/2/00 1607.66 
10/5/88 1605.13 7/15/94 1607.62 4 /18/00 1607.9 
12/7/88 1605.40 8/2/94 1606.63 6/6/00 1607.95 
3/28/89 1606.09 9/8/94 1606.89 7/14/00 1606.94 
5/5/89 1605.84 9/28/94 1607.01 8/8/00 1604.79 
6/8/89 1605.12 12/6/94 1607.18 9/12/00 1606.08 
7/6/89 1603.96 1/31/95 1607.28 9/21/00 1605.6 
8/2/89 1603.40 3/30/95 1607.88 11/30/00 1606.76 
9/5/89 1603.87 5/2/95 1608.05 2/7/01 
10/4/89 1604.48 6/14/95 1607.9 3/29/01 1608.04 
12/1/89 1604.74 7/11/95 1606.23 6/15/01 1608.11 
2/2/90 1605.03 7/26/95 1605.77 7/13/01 1606.98 
4/2/90 1605.38 8/31/95 1606.83 8/7/01 1605.75 
6/6/90 1605.62 10/9/95 1608.02 9/4/01 1606,11 
7/3/90 1603.98 12/6/95 1607.9 9/27/01 1607.18 
7/31/90 1603.79 4 /5 /96 1607.91 12/6/01 1607,84 
9/5/90 1602.93 6/10/96 1608.26 2/2/02 
10/1/90 1603.59 8/8/96 1607.52 4/4/02 1607.87 
11/1/90 1603.96 9/13/96 1606.84 6/7/02 1607,42 
12/5/90 1604.13 10/2/96 1607.28 7/18/02 1604,35 
2/4/91 1604.26 12/4/96 1607.95 8/19/02 1604,92 
3/26/91 1604.83 2/14/97 1607.85 9/10/02 1605,26 
6/7/91 1605.46 3/31/97 1608.06 10/9/02 1606,11 
7/2/91 1604.50 5/8/97 1608.13 12/13/02 1606,79 
8/9/91 1602.81 6/3/97 1608.14 2/19/03 1607.21 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3 /31/03 1607.64 12/2/08 1609.22 9/20/10 1609.02 
6/10/03 1608.05 2/3/09 9/24/10 1609.11 
7/3/03 1606.43 4/8/09 1609.72 11/2/10 1609.38 
8/9/03 1605.63 5/7/09 1609.5 12/2/10 1609.42 
10/10/03 1606.14 6/2/09 1608.33 2 /17/10 1610.00 
12/15/03 1606.75 7/7/09 1607.08 4/1/11 1610.12 
2/6/04 8/11/09 1605.05 5/3/11 1610.29 
4 /2 /04 1607.66 9/10/09 1607.81 7/11/11 1607.81 
6/4/04 1607.93 10/19/09 1608.59 
7/12/04 1608.25 12/1/09 
8/19/04 1605.38 4/5/10 1610.06 
9/7/04 1605.24 5/4/10 1610.08 
9/28/04 1606.23 5/24/10 1609.6 
12/9/04 1607.07 5/28/10 1609.65 
2/8/05 6/1/10 1609.8 
3/25/05 1607.72 6/4/10 1609.83 
5/4/05 1608.55 6/7/10 1609.63 
6/1/05 1608.75 6/11/10 1610.59 
7/7/05 1607.53 6/14/10 1611.98 
8/12/05 1605.79 6/16/10 1612.06 
9/26/05 1606.86 6/18/10 1611.85 
12/5/05 6/21/10 1611.38 
2/6/06 1607.9 6/24/10 1610.92 
4/3/06 1608.96 6/28/10 1610.16 
5/9/06 1608.7 7/1/10 1609.22 
6/6/06 1607.67 7/6/10 1609.52 
7/6/06 1606.44 7/9/10 1609.04 
8/9/06 1605.47 7/12/10 1609.83 
9/5/06 1606.37 7/16/10 1609.84 
10/13/06 1607.35 7/19/10 1608.89 
12/8/06 1607.76 7/23/10 1609.2 
2/5/07 7/26/10 1609.38 
4 /10/07 1609.46 7/30/10 1608.16 
6/4/07 1610.03 8/2/10 1608.33 
7/10/07 1606.41 8/6/10 1609.42 
8/7/07 1606.47 8/9/10 1609.58 
9/6/07 1608.34 8/13/10 1609.17 
10/9/07 1608.77 8/16/10 1608.28 
12/2/07 8/20/10 1608.81 
2/1/08 8/23/10 1608.57 
4/8/08 1609.8 8/27/10 1608.01 
5/6/08 1610.11 8/30/10 1607.63 
5/30/08 1611.05 9/3/10 1607.96 
7/1/08 1609.52 9/7/10 1608.28 
8/6/08 1606.48 9/10/10 1608.43 
9/3/08 1606.08 9/13/10 1608.47 
10/9/08 1611.24 9/17/10 1608.61 
W I L P - 1 6 Measu remen ts 
Groundwate r Groundwate r Groundwate r 
u a i e Elevat ion (ft.) u a i e Elevat ion (ft.) u a i e Elevat ion (ft.) 
6 /9/86 1607.52 9/5/91 1601.96 7/1/97 1609.87 
717/86 1606.48 10/11/91 1603.92 8/8/97 1607.19 
8/12/86 1606.28 12/9/91 1604.58 9/4/97 1607.61 
9/8/86 1606.64 2/5/92 1605.4 10/3/97 1610.2 
10/9/86 1607.31 3/26/92 1606.76 12/15/97 1610.06 
12/5/86 1607.52 5/12/92 1606.55 2 /12/98 1610.08 
2/6/87 1607.42 6/5/92 1607.34 4/2/98 1610.91 
4/2/87 1608,86 7/8/92 1606.44 5/4/98 1610.39 
6/4/87 1607.76 8/4/92 1606.63 6/18/98 1610.66 
7/2/87 1605,57 9/3/92 1607.4 7/8/98 1610.05 
8/5/87 1604.34 10/6/92 1608.28 8/11/98 1608.47 
8/24/87 1605,87 12/1/92 1608.96 9/8/98 1608.58 
9/1/87 1606,25 2/2/93 9/30/98 1609.33 
9/18/87 1606,55 4/2/93 1609.34 11/23/98 1610.3 
10/1/87 1606,70 6/15/93 1609.46 2/4/99 1610.19 
10/30/87 1606,78 7/6/93 1610.22 3/31/99 1610.55 
12/4/87 1607.03 7/29/93 1610.22 6/8/99 1610.45 
1/29/88 1607.40 9/8/93 1609.27 7/9/99 1609.35 
4 /4 /88 1607.74 10/4/93 1609.29 8/3/99 1606.85 
5/31/88 1607.44 12/7/93 1609.34 9/10/99 1606.92 
7/7/88 1604.23 2/11/94 10/5/99 1608.67 
8/3/88 1604.64 3/31/94 1609.49 12/1/99 1609,55 
9/9/88 1605.26 6/7/94 1608.93 2/2/00 1610.17 
10/5/88 1605.92 7/15/94 1609.49 4 /18/00 1610,47 
12/7/88 1606.33 8/2/94 1608.13 6/6/00 1610.55 
3/28/89 1607.26 9/8/94 1608.64 7/14/00 1609,06 
5/5/89 1606.82 9/28/94 1608.86 8/8/00 1605.53 
6/8/89 1605,81 12/6/94 1609.06 9 /12/00 1606,44 
7/6/89 1604.16 1/31/95 9/21/00 1607.23 
8/2/89 1603,47 3/30/95 1609.93 11/30/00 1608,91 
9/5/89 1604.43 5/2/95 1610.11 2/7/01 
10/4/89 1605,16 6/14/95 1606.83 3/29/01 1610.74 
12/1/89 1605.46 7/11/95 1604.25 6/15/01 1610,95 
2/2/90 1605.83 7/26/95 1603.71 7/13/01 1608.88 
4/2/90 1606.26 8/31/95 1605.38 8/7/01 1607 
6/6/90 1606.60 10/9/95 1606.96 9/4/01 1607.68 
7/3/90 1604.14 12/6/95 1606.91 9/27/01 1609.51 
7/31/90 1604.26 4/5/96 1610.16 12/6/01 1610.51 
9/5/90 1603.16 6/10/96 1610.57 2/2/02 
10/1/90 1604.07 8/8/96 1609.56 4/4/02 1610.54 
11/1/90 1604.52 9/13/96 1608.69 6/7/02 1609.86 
12/5/90 1604.78 10/2/96 1609.42 7/18/02 1604.77 
2/4/91 1604.84 12/4/96 1610.26 8/19/02 1606.1 
3/26/91 1605.58 2/14/97 9/10/02 1606.68 
6/7/91 1606.35 3/31/97 1610.45 10/9/02 1608.03 
7/2/91 1604.89 5/8/97 1610,58 12/13/02 1609.02 
8/9/91 1602.98 6/3/97 1610.55 2/19/03 1609.68 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3/31/03 1610.23 12/2/08 1612.79 9/20/10 1612.52 
6/10/03 1610.94 2/3/09 9/24/10 1612.66 
7/3/03 1608 4/8/09 1613.29 11/2/10 1613.04 
8/9/03 1606.97 5/7/09 1613.09 12/2/10 1613.25 
10/10/03 1608.12 6/2/09 1611.47 2 /17/10 1613.63 
12/15/03 1608.92 7/7/09 1609.11 4/1/11 1613.87 
2/6/04 8/11/09 1606.01 5/3/11 1614.05 
4/2/04 1610.31 9/10/09 1610.84 7/11/11 1610.29 
6/4/04 1610.77 10/19/09 1611.99 
7/12/04 1611.22 12/1/09 
8/19/04 1606.49 4/5/10 1613.73 
9/7/04 1606.65 5/4/10 1613.75 
9/28/04 1608.23 5/24/10 1613.21 
12/9/04 1609.12 5/28/10 1613.26 
2/8/05 6/1/10 1613.46 
3/25/05 1610.42 6/4/10 1613.49 
5/4/05 1611.68 6/7/10 1613.22 
6/1/05 1611.96 6/11/10 1614.05 
7/7/05 1609.81 6/14/10 1616.88 
8/12/05 1607.38 6/16/10 1616.80 
9/26/05 1609.25 6/18/10 1616.44 
12/5/05 6/21/10 1616.01 
2/6/06 1610.81 6/24/10 1615.68 
4/3/06 1612.2 6/28/10 1613.74 
5/9/06 1611.97 7/1/10 1612.28 
6/6/06 1610.32 7/6/10 1613.02 
7/6/06 1608.1 7/9/10 1612.21 
8/9/06 1606.99 7/12/10 1613.35 
9/5/06 1608.49 7/16/10 1613.44 
10/13/06 1609.95 7/19/10 1611.94 
12/8/06 1610.61 7/23/10 1612.55 
2/5/07 7/26/10 1612.87 
4 /10/07 1612.83 7/30/10 1610.83 
6/4/07 1613.62 8/2/10 1610.44 
7/10/07 1607.8 8/6/10 1612.77 
8/7/07 1608.48 8/9/10 1613.06 
9/6/07 1611.42 8/13/10 1612.39 
10/9/07 1612.18 8/16/10 1611.05 
12/2/07 8/20/10 1612.08 
2/1/08 8/23/10 1611.65 
4/8/08 1613.4 8/27/10 1610.67 
5/6/08 1613.75 8/30/10 1610.11 
5/30/08 1615.25 9/3/10 1610.87 
7/1/08 1613.12 9/7/10 1611.5 
8/6/08 1608.14 9/10/10 1611.72 
9/3/08 1607.76 9/13/10 1611.81 
10/9/08 1611.45 9/17/10 1612.04 







Elevat ion (ft.) E levat ion (ft.) Elevat ion (ft.) 
6/9/86 1604.93 9/5/91 1600.68 7/1/97 1607.77 
7/7/86 1604.03 10/11/91 1602.29 8/8/97 1605.44 
8/12/86 1603.88 12/9/91 1602.89 9/4/97 1605.79 
9/8/86 1604.17 2/5/92 1603.58 10/3/97 1606.67 
10/9/86 1604.70 3/26/92 1604.74 12/15/97 1607.96 
12/5/86 1604.94 5/12/92 1604.58 2/12/98 1608.00 
2/6/87 1604,89 6/5/92 1605.23 4/2/98 1608.86 
4/2/87 1606.32 7/8/92 1604.50 5/4/98 1608.31 
6/4/87 1605,21 8/4/92 1604.67 6/18/98 1608.58 
iimi 1603.35 9/3/92 1605.30 7/8/98 1608.01 
QI5I81 1602,37 10/6/92 1606.00 8/11/98 1606.71 
8I2AIB1 1603.60 12/1/92 1606.58 9/8/98 1606.69 
9/1/87 1603,90 2/2/93 1606.42 9/30/98 1607.38 
9/18/87 1604.17 4/2/93 1607.03 11/23/98 1608.26 
10/1/87 1604,27 6/15/93 1607.07 2/4/99 1608.17 
10/30/87 1604.32 7/6/93 1607.91 3/31/99 1608.52 
12/4/87 1604,51 7/29/93 1607,91 6/8/99 1608.47 
1/29/88 1604.87 9/8/93 1606.93 7/9/99 1607.55 
4 /4 /88 1605,17 10/4/93 1606,92 8/3/99 1605.27 
5/31/88 1604.98 12/7/93 1607.00 9/10/99 1605,28 
7/7/88 1602,30 2/11/94 1606,77 10/5/99 1606.88 
8/3/88 1602.61 3/31/94 1607.18 12/1/99 1607,62 
9/9/88 1603,13 6/7/94 1606,71 2/2/00 1608.19 
10/5/88 1603.67 7/15/94 1607.30 4 /18/00 1608.53 
12/7/88 1604,01 8/2/94 1606.04 6/6/00 1608.64 
3/28/89 1604.81 9/8/94 1606.52 7/14/00 1607.29 
5/5/89 1604.46 9/28/94 1606.68 8/8/00 1604.19 
6/8/89 1603.67 12/6/94 1606.89 9/12/00 1604.95 
7/6/89 1602.30 1/31/95 1607.01 9/21/00 1605.64 
8/2/89 1601.78 3/30/95 1607.81 11/30/00 1607.12 
9/5/89 1602.56 5/2/95 1607.86 2/7/01 
10/4/89 1603.14 6/14/95 1607.76 3/29/01 1608.81 
12/1/89 1603.44 7/11/95 1605.52 6/15/01 1608.98 
2/2/90 1603.74 7/26/95 1605.05 7/13/01 1607.27 
4/2/90 1604.14 8/31/95 1606.60 8/7/01 1605.42 
6/6/90 1604.42 10/9/95 1608.03 9/4/01 1606.15 
7/3/90 1602.40 12/6/95 1607.88 9/27/01 1607.75 
7/31/90 1602.58 4/5/96 1607.33 12/6/01 1608.69 
9/5/90 1601.61 6/10/96 1608.38 2/2/02 
10/1/90 1602.37 8/8/96 1607.58 4/4/02 1608,68 
11/1/90 1602.74 9/13/96 1606.73 6/7/02 1608.08 
12/5/90 1602.97 10/2/96 1607.30 7/18/02 1603,59 
2/4/91 1603.09 12/4/96 1608.05 8/19/02 1604.74 
3/26/91 1603.69 2/14/97 1607.97 9/10/02 1605,22 
6/7/91 1604.36 3/31/97 1608.30 10/9/02 1606.45 
7/2/91 1603.10 5/8/97 1608.41 12/13/02 1607,35 
8/9/91 1601.50 6/3/97 1608.40 2/19/03 1607.92 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3/31/03 1608.46 12/2/08 1611.01 9/20/10 1610.82 
6/10/03 1609.10 2/3/09 9/24/10 1610.97 
7/3/03 1606.56 4/8/09 1611.40 11/2/10 1611.26 
8/9/03 1605.62 5/7/09 1611.27 12/2/10 1611.28 
10/10/03 1606.61 6/2/09 1609.80 2 /17/10 1611.40 
12/15/03 1607.35 7/7/09 1607.70 4/1/11 1612.21 
2/6/04 8/11/09 1604.88 5/3/11 1612.38 
4 /2 /04 1608.57 9/10/09 1609.29 7/11/11 1608.81 
6/4/04 1609.02 10/19/09 1610,30 
7/12/04 1609.40 12/1/09 
8/19/04 1605.17 4/5/10 1612.19 
9/7/04 1605.32 5/4/10 1612,23 
9/28/04 1606.75 5/24/10 1612,01 
12/9/04 1607.58 5/28/10 1612,03 
2/8/05 6/1/10 1612,11 
3/25/05 1608.72 6/4/10 1612,13 
5/4/05 1609.90 6/7/10 1612,03 
6/1/05 1610.12 6/11/10 1612,40 
7/7/05 1608.24 6/14/10 1613.56 
8/12/05 1605.97 6/16/10 1613,56 
9/26/05 1607.70 6/18/10 1613.27 
12/5/05 6/21/10 1613,32 
2/6/06 1609.06 6/24/10 1613.16 
4/3/06 1610.48 6/28/10 1612,23 
5/9/06 1610.21 7/1/10 1610.59 
6/6/06 1608.66 7/6/10 1611,25 
7/6/06 1606.77 7/9/10 1610.52 
8/9/06 1605.75 7/12/10 1612,04 
9/5/06 1607.05 7/16/10 1612.09 
10/13/06 1608.38 7/19/10 1610,29 
12/8/06 1608.89 7/23/10 1610.85 
2/5/07 7/26/10 1611,11 
4 /10/07 1611.05 7/30/10 1609.27 
6/4/07 1611.40 8/2/10 1608,97 
7/10/07 1606.41 8/6/10 1611.11 
8/7/07 1607.06 8/9/10 1612,01 
9/6/07 1609.72 8/13/10 1610.73 
10/9/07 1610.40 8/16/10 1609,49 
12/2/07 8/20/10 1610.42 
2/1/08 8/23/10 1610,03 
4 /8 /08 1611.40 8/27/10 1609.13 
5/6/08 1611.40 8/30/10 1608,61 
5/30/08 1613.11 9/3/10 1609.30 
7/1/08 1611.15 9/7/10 1609,87 
8/6/08 1606.75 9/10/10 1610.08 
9/3/08 1606.40 9/13/10 1610,15 
10/9/08 1609.77 9/17/10 1610.36 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
6/9/86 1606.16 9/5/91 1601.24 7/1/97 1608.08 
7/7/86 1605.22 10/11/91 1602.99 8/8/97 1605.70 
8/12/86 1605.07 12/9/91 1603.63 9/4/97 1606.11 
9/8/86 1605.37 2/5/92 1604.32 10/3/97 1607.73 
10/9/86 1605.93 3/26/92 1605,54 12/15/97 1608.29 
12/5/86 1606.20 5/12/92 1605.34 2/12/98 1608.30 
2/6/87 1606.12 6/5/92 1606,03 4/2/98 1609.11 
4/2/87 1607.59 7/8/92 1605.23 5/4/98 1608.57 
6/4/87 1606.60 8/4/92 1605,38 6/18/98 1608.82 
7/2/87 1604.48 9/3/92 1606.10 7/8/98 1608.26 
8/5/87 1603.40 10/6/92 1606,84 8/11/98 1606.86 
8/24/87 1604.78 12/1/92 1607.45 9/8/98 1606.97 
9/1/87 1605.10 2/2/93 1607.28 9/30/98 1607.65 
9/18/87 1605.38 4/2/93 1607.84 11/23/98 1608.49 
10/1/87 1605.52 6/15/93 1607.87 2/4/99 1608.40 
10/30/87 1605.59 7/6/93 1608.67 3/31/99 1608.73 
12/4/87 1605.80 7/29/93 1608.63 6/8/99 1608.63 
1/29/88 1606.19 9/8/93 1607.67 7/9/99 1607.66 
4 /4 /88 1606.50 10/4/93 1607.70 8/3/99 1605.44 
5/31/88 1606.24 12/7/93 1607.74 9/10/99 1605.49 
7/7/88 1603.33 2/11/94 1607.52 10/5/99 1607.06 
8/3/88 1603.68 3/31/94 1607.84 12/1/99 1607.85 
9/9/88 1604.26 6/7/94 1607.34 2/2/00 1608.40 
10/5/88 1604.84 7/15/94 1607.90 4 /18/00 1608.68 
12/7/88 1605,21 8/2/94 1606.61 6/6/00 1608.77 
3/28/89 1606.04 9/8/94 1607.11 7/14/00 1607.42 
5/5/89 1605,66 9/28/94 1607.27 8/8/00 1604.29 
6/8/89 1604.75 12/6/94 1607.48 9/12/00 1605.11 
7/6/89 1603,26 1/31/95 1607.58 9/21/00 1605.81 
8/2/89 1602.63 3/30/95 1608,34 11/30/00 1607.34 
9/5/89 1603,50 5/2/95 1608.44 2/7/01 
10/4/89 1604.16 6/14/95 1608,31 3/29/01 1608.98 
12/1/89 1604,44 7/11/95 1605,97 6/15/01 1609.16 
2/2/90 1604.75 7/26/95 1605,51 7/13/01 1607.37 
4/2/90 1605.13 8/31/95 1607,01 8/7/01 1605.65 
6/6/90 1605.42 10/9/95 1608,52 9/4/01 1606.27 
7/3/90 1603.24 12/6/95 1608,41 9/27/01 1607.87 
7/31/90 1603.34 4/5/96 1608,43 12/6/01 1608.82 
9/5/90 1602.34 6/10/96 1608,67 2/2/02 
10/1/90 1603.16 8/8/96 1607.95 4/4/02 1608.85 
11/1/90 1603.57 9/13/96 1607,12 6/7/02 1608.25 
12/5/90 1603.80 10/2/96 1608.40 7/18/02 1603.68 
2/4/91 1603.93 12/4/96 1609,15 8/19/02 1604.89 
3/26/91 1604.51 2/14/97 1609.07 9/10/02 1605.41 
6/7/91 1605.20 3/31/97 1608,67 10/9/02 1606.64 
7/2/91 1603.88 5/8/97 1608.75 12/13/02 1607.56 
8/9/91 1602.15 6/3/97 1608,71 2 /19/03 1608.12 







Elevat ion (ft.) E levat ion (ft.) Elevat ion (ft.) 
3/31/03 1608.65 12/2/08 1611.58 9/20/10 1611.49 
6/10/03 1609.28 2/3/09 9/24/10 1611.62 
7/3/03 1606.65 4/8/09 1612.11 11/2/10 1611.98 
8/9/03 1604.71 5/7/09 1611.93 12/2/10 1612.01 
10/10/03 1606.76 6/2/09 1610.41 2/17/10 1612.50 
12/15/03 1607.54 7/7/09 1608.20 4/1/11 1612,57 
2/6/04 8/11/09 1605.31 5/3/11 1612.69 
4 /2 /04 1608.78 9/10/09 1609.82 7/11/11 1609,45 
6/4/04 1609.19 10/19/09 1610.90 
7/12/04 1609.59 12/1/09 
8/19/04 1605.33 4/5/10 1612.38 
9/7/04 1605.46 5/4/10 1612.40 
9/28/04 1606.92 5/24/10 1612.15 
12/9/04 1607.73 5/28/10 1580.50 
2/8/05 6/1/10 1612,35 
3/25/05 1608.93 6/4/10 1612.34 
5/4/05 1610,09 6/7/10 1612,14 
6/1/05 1610.34 6/11/10 1612.80 
7/7/05 1608.39 6/14/10 1615,55 
8/12/05 1606.18 6/16/10 1615.55 
9/26/05 1607.89 6/18/10 1615,21 
12/5/05 6/21/10 1614.45 
2/6/06 1609.31 6/24/10 1613,86 
4/3/06 1610.63 6/28/10 1612.55 
5/9/06 1610.44 7/1/10 1611,27 
6/6/06 1608.94 7/6/10 1611.97 
7/6/06 1606.92 7/9/10 1611,20 
8/9/06 1605.92 7/12/10 1612.28 
9/5/06 1607.29 7/16/10 1612,50 
10/13/06 1608.63 7/19/10 1610.94 
12/8/06 1609.18 7/23/10 1611.53 
2/5/07 7/26/10 1611.81 
4 /10/07 1611.35 7/30/10 1609.89 
6/4/07 1612.08 8/2/10 1609.49 
7/10/07 1606.75 8/6/10 1611.72 
8/7/07 1607.36 8/9/10 1612.02 
9/6/07 1610.08 8/13/10 1611.38 
10/9/07 1610.81 8/16/10 1610.10 
12/2/07 8/20/10 1611.07 
2/1/08 8/23/10 1610.65 
4 /8 /08 1612,08 8/27/10 1609.74 
5/6/08 1612.40 8/30/10 1609.21 
5/30/08 1613,28 9/3/10 1609.92 
7/1/08 1611.71 9/7/10 1610.53 
8/6/08 1607,19 9/10/10 1610.73 
9/3/08 1606.84 9/13/10 1610,81 
10/9/08 1610,30 9/17/10 1611.03 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
6 /9/86 1603.07 9/5/91 1600.14 7/1/97 1606.84 
mm 1602.32 10/11/91 1601.52 8/8/97 1604.74 
8/12/86 1602.26 12/9/91 1602.09 9/4/97 1605.11 
9/8/86 1602.46 2/5/92 1602.71 10/3/97 1606.57 
10/9/86 1602.92 3/26/92 1603.68 12/15/97 1607.61 
12/5/86 1603.10 5/12/92 1603.58 2/12/98 1607.31 
2/6/87 1603.11 6/5/92 1604.17 4/2/98 1608.22 
4/2/87 1604.60 7/8/92 1603.54 5/4/98 1607.65 
6/4/87 1603.49 8/4/92 1603.67 6/18/98 1607.96 
7/2/87 1601.89 9/3/92 1604.19 7/8/98 1607.24 
8/5/87 1601.17 10/6/92 1604.74 8/11/98 1605.30 
8/24/87 1602.11 12/1/92 1605.20 9/8/98 1605.47 
9/1/87 1602.35 2/2/93 1605.05 9/30/98 1606.40 
9/18/87 1602.55 4/2/93 1605.70 11/23/98 1607.53 
10/1/87 1602.66 6/15/93 1605.66 2/4/99 1607.42 
10/30/87 1602.71 7/6/93 1606.56 3/31/99 1607.73 
12/4/87 1602.88 7/29/93 1606.48 6/8/99 1607.65 
1/29/88 1603.20 9/8/93 1605.53 7/9/99 1606.79 
4 /4 /88 1603.52 10/4/93 1605.60 8/3/99 1604.71 
5/31/88 1603.36 12/7/93 1605.69 9/10/99 1604.80 
7/7/88 1601.22 2/11/94 1605.49 10/5/99 1606.23 
8/3/88 1601.48 3/31/94 1605.90 12/1/99 1606.95 
9/9/88 1601.94 6/7/94 1605.53 2/2/00 1607.51 
10/5/88 1602.30 7/15/94 1606.09 4 /18/00 1607.83 
12/7/88 1602.66 8/2/94 1604.96 6/6/00 1607.95 
3/28/89 1603.37 9/8/94 1605.40 7/14/00 1606.70 
5/5/89 1603.06 9/28/94 1605.57 8/8/00 1603.78 
6/8/89 1602.46 12/6/94 1605.81 9/12/00 1604.53 
7/6/89 1601.39 1/31/95 1605.93 9/21/00 1605.19 
8/2/89 1600.95 3/30/95 1606.72 11/30/00 1606.55 
9/5/89 1601.57 5/2/95 1606.76 2/7/01 
10/4/89 1602.07 6/14/95 1606.59 3/29/01 1608.16 
12/1/89 1602.32 7/11/95 1604.63 6/15/01 1608.31 
2/2/90 1602.61 7/26/95 1604.22 7/13/01 1606.69 
4/2/90 1602.96 8/31/95 1605.61 8/7/01 1605.09 
6/6/90 1603.21 10/9/95 1606.92 9/4/01 1605.66 
7/3/90 1601.54 12/6/95 1606.79 9/27/01 1607.15 
7/31/90 1601.63 4/5/96 1606.96 12/6/01 1608.08 
9/5/90 1600.87 6/10/96 1607.31 2/2/02 
10/1/90 1601.46 8/8/96 1606.69 4/4/02 1608.08 
11/1/90 1601.81 9/13/96 1605.80 6/7/02 1607.51 
12/5/90 1602.03 10/2/96 1606.34 7/18/02 1603.28 
2/4/91 1602.18 12/4/96 1607.06 8/19/02 1604.38 
3/26/91 1602.71 2/14/97 1606.95 9/10/02 1604.87 
6/7/91 1603.27 3/31/97 1607.34 10/9/02 1606.01 
7/2/91 1602.23 5/8/97 1607.40 12/13/02 1606.87 
8/9/91 1600.88 6/3/97 1607,41 2/19/03 1607.41 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3/31/03 1607.94 12/2/08 1610.36 9/20/10 1610.28 
6/10/03 1608.53 2/3/09 9/24/10 1610.40 
7/3/03 1606.08 4/8/09 1610.84 11/2/10 1610.70 
8/9/03 1605.22 5/7/09 1610.65 12/2/10 1610.73 
10/10/03 1606.20 6/2/09 1609.28 2 /17/10 1611.36 
12/15/03 1606.93 7/7/09 1607.28 4/1/11 1611.45 
2/6/04 8/11/09 1604.61 5/3/11 1611.60 
4 /2 /04 1608.09 9/10/09 1608.79 7/11/11 1608.38 
6/4/04 1608.47 10/19/09 1609.76 
7/12/04 1608.87 12/1/09 
8/19/04 1604.90 4/5/10 1611.24 
9/7/04 1605.02 5/4/10 1611.29 
9/28/04 1606.36 5/24/10 1610.80 
12/9/04 1607.11 5/28/10 1610.85 
2/8/05 6/1/10 1611.04 
3/25/05 1608.25 6/4/10 1611.06 
5/4/05 1609.33 6/7/10 1610.84 
6/1/05 1609.53 6/11/10 1611.61 
7/7/05 1607.71 6/14/10 1612.13 
8/12/05 1605.65 6/16/10 1612.29 
9/26/05 1607.24 6/18/10 1612.04 
12/5/05 6/21/10 1612.34 
2/6/06 1608.55 6/24/10 1612.15 
4/3/06 1609.87 6/28/10 1611.28 
5/9/06 1609.58 7/1/10 1610.04 
6/6/06 1608.18 7/6/10 1610.66 
7/6/06 1606.31 7/9/10 1609.98 
8/9/06 1605,38 7/12/10 1611.00 
9/5/06 1604.66 7/16/10 1611.06 
10/13/06 1607,91 7/19/10 1609.76 
12/8/06 1608.48 7/23/10 1610.29 
2/5/07 7/26/10 1610.54 
4 /10/07 1610,39 7/30/10 1608.80 
6/4/07 1611.03 8/2/10 1608.48 
7/10/07 1606.04 8/6/10 1610.57 
8/7/07 1606.65 8/9/10 1610.79 
9/6/07 1609.15 8/13/10 1610.19 
10/9/07 1609.80 8/16/10 1609.01 
12/2/07 8/20/10 1609.89 
2/1/08 8/23/10 1609.50 
4 /8 /08 1610.87 8/27/10 1608.67 
5/6/08 1611,15 8/30/10 1608.17 
5/30/08 1612.14 9/3/10 1608.83 
7/1/08 1610,45 9/7/10 1609.37 
8/6/08 1606.45 9/10/10 1609.58 
9/3/08 1606,04 9/13/10 1609.64 
10/9/08 1609.20 9/17/10 1609,83 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
6/9/86 1608.85 9/5/91 1602.37 7/1/97 1611.58 
inim 1607.51 10/11/91 1604.63 8/8/97 1608.34 
8/12/86 1607.34 12/9/91 1605.42 9/4/97 1608.83 
9/8/86 1607.80 2/5/92 1606.32 10/3/97 1611.13 
10/9/86 1608.52 3/26/92 1607.90 12/15/97 1611.83 
12/5/86 1608.81 5/12/92 1607.66 2/12/98 
iimi 1608.66 6/5/92 1608.58 4/2/98 
Aimi 1610.19 7/8/92 1607.50 5/4/98 
614187 1609.00 8/4/92 1607.69 6/18/98 
7/2/87 1606.29 9/3/92 1608.64 7/8/98 
8/5/87 1604.87 10/6/92 1609.71 8/11/98 
8/24/87 1606.73 12/1/92 1610.51 9/8/98 
9/1/87 1607.21 2/2/93 9/30/98 
9/18/87 1607.60 4/2/93 1610.96 11/23/98 
10/1/87 1607.73 6/15/93 1611.15 2/4/99 1611.92 
10/30/87 1607.89 7/6/93 3/31/99 1612.37 
12/4/87 1608.14 7/29/93 6/8/99 1612.16 
1/29/88 1608.50 9/8/93 1610.92 7/9/99 1610.90 
4 /4 /88 1608.95 10/4/93 1610.97 8/3/99 1607.82 
5/31/88 1608.63 12/7/93 1610.99 9/10/99 1607.92 
7/7/88 1604.63 2/11/94 10/5/99 1610.11 
8/3/88 1605.16 3/31/94 1611.18 12/1/99 1611.11 
9/9/88 1606.03 6/7/94 1610.54 2/2/00 1611.87 
10/5/88 1606.80 7/15/94 1611.13 4 /18/00 1612.23 
12/7/88 1607.28 8/2/94 1609.58 6/6/00 1612.34 
3/28/89 1608.33 9/8/94 1610.14 7/14/00 1610.48 
5/5/89 1607.78 9/28/94 1610.42 8/8/00 1606.11 
6/8/89 1606.58 12/6/94 1610.68 9/12/00 1607.35 
7/6/89 1604.61 1/31/95 1613.50 9/21/00 1608.30 
8/2/89 1603.77 3/30/95 1611.67 11/30/00 1610.32 
9/5/89 1605.13 5/2/95 1612.00 2/7/01 
10/4/89 1605.94 6/14/95 1606.77 3/29/01 1612.45 
12/1/89 1606.31 7/11/95 1603.56 6/15/01 1612.74 
2/2/90 1606.72 7/26/95 1602.95 7/13/01 1610.14 
4/2/90 1607.20 8/31/95 1605.02 8/7/01 1607.94 
6/6/90 1607.62 10/9/95 1606.83 9/4/01 1608.66 
7/3/90 1604.68 12/6/95 1606.86 9/27/01 1610.95 
7/31/90 1605.02 4/5/96 1611.94 12/6/01 1612.13 
9/5/90 1603.59 6/10/96 1612.43 2/2/02 
10/1/90 1604.78 8/8/96 1611.02 4/4/02 1612.20 
11/1/90 1605.29 9/13/96 1610.12 6/7/02 1611.36 
12/5/90 1605.61 10/2/96 1611.05 7/18/02 1605.16 
2/4/91 1605.78 12/4/96 8/19/02 1606.78 
3/26/91 1606.50 2/14/97 9/10/02 1607.54 
6/7/91 1607.40 3/31/97 1612.30 10/9/02 1609.20 
7/2/91 1605.49 5/8/97 1612.45 12/13/02 1610.27 
8/9/91 1603.38 6/3/97 1612.40 2/19/03 1611.08 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3 /31/03 1611.80 12/2/08 1614.42 9/20/10 1613.97 
6/10/03 1612.66 2/3/09 9/24/10 1614.14 
7/3/03 1609.00 4/8/09 1614.90 11/2/10 1614.59 
8/9/03 1607.79 5/7/09 1614.73 12/2/10 1614.78 
10/10/03 1609.25 6/2/09 1612.87 2 /17/10 1615.18 
12/15/03 1610.21 7/7/09 1610.08 4/1/11 1615.46 
2/6/04 8/11/09 1606.08 5/3/11 1615.67 
4 /2 /04 1611.84 9/10/09 1612.18 7/11/11 1611.31 
6/4/04 1612.46 10/19/09 1613.46 
7/12/04 1612.88 12/1/09 
8/19/04 1607.14 4/5/10 1615.76 
9/7/04 1607.46 5/4/10 1615.38 
9/28/04 1609.31 5/24/10 1614.82 
12/9/04 1610.46 5/28/10 1614.85 
2/8/05 6/1/10 1615.05 
3/25/05 1611.87 6/4/10 1615.10 
5/4/05 1613.38 6/7/10 1614.81 
6/1/05 1613.72 6/11/10 1615.64 
7/7/05 1611.17 6/14/10 1617.30 
8/12/05 1608.16 6/16/10 1617.47 
9/26/05 1610.48 6/18/10 1617.24 
12/5/05 6/21/10 1616.87 
2/6/06 1612.33 6/24/10 1616.33 
4 /3 /06 1613.83 6/28/10 1615.31 
5/9/06 1613.69 7/1/10 1613.56 
6/6/06 1611.73 7/6/10 1614.54 
7/6/06 1609.00 7/9/10 1613.54 
8/9/06 1607.75 7/12/10 1614.89 
9/5/06 1609.51 7/16/10 1615.01 
10/13/06 1611.22 7/19/10 1613.20 
12/8/06 1611.89 7/23/10 1613.99 
2/5/07 7/26/10 1614.37 
4 /10/07 1614.47 7/30/10 1611.93 
6/4/07 1615.35 8/2/10 1611.43 
7/10/07 1608.55 8/6/10 1612.03 
8/7/07 1609.48 8/9/10 1614.52 
9/6/07 1612.89 8/13/10 1613.77 
10/9/07 1613.80 8/16/10 1612.24 
12/2/07 8/20/10 1613.48 
2/1/08 8/23/10 1613.09 
4/8/08 1615.11 8/27/10 1611.76 
5/6/08 1615.46 8/30/10 1611.19 
5/30/08 1616.48 9/3/10 1612.11 
7/1/08 1614.75 9/7/10 1612.85 
8/6/08 1609.01 9/10/10 1613.12 
9/3/08 1608.54 9/13/10 1613.20 
10/9/08 1612.92 9/17/10 1613.45 







Elevat ion (ft.) E levat ion (ft.) Elevat ion (ft.) 
6/9/86 1604.54 9/5/91 1600.34 7/1/97 1606.10 
7/7/86 1603.67 10/11/91 1601.81 8/8/97 1604.42 
8/12/86 1603.56 12/9/91 1602.34 9/4/97 1604.62 
9/8/86 1603.84 2/5/92 1603.01 10/3/97 1605.78 
10/9/86 1604.26 3/26/92 1603.76 12/15/97 1606.26 
12/5/86 1604.66 5/12/92 1603.68 2/12/98 1606.29 
2/6/87 1604.52 6/5/92 1604.23 4/2/98 1606.74 
4/2/87 1605.61 7/8/92 1603.53 5/4/98 1606.49 
6/4/87 1604.61 8/4/92 1603.72 6/18/98 1606.69 
7/2/87 1602.93 9/3/92 1604.21 7/8/98 1606.20 
8/5/87 1602.03 10/6/92 1604.70 8/11/98 1605.31 
8/24/87 1603.05 12/1/92 1605.17 9/8/98 1605.23 
9/1/87 1603.36 2/2/93 1605.18 9/30/98 1605.71 
9/18/87 1603.72 4/2/93 1605.52 11/23/98 1606.35 
10/1/87 1603.81 6/15/93 1605.46 2/4/99 1606.37 
10/30/87 1603.77 7/6/93 1606.09 3/31/99 1606.66 
12/4/87 1603.99 7/29/93 1606.07 6/8/99 1606.56 
1/29/88 1604.38 9/8/93 1605.49 7/9/99 1605.88 
4/4/88 1604.47 10/4/93 1605.39 8/3/99 1604.27 
5/31/88 1604.30 12/7/93 1605.51 9/10/99 1604.17 
7/7/88 1602.02 2 /11/94 1605.46 10/5/99 1605.36 
8/3/88 1602.05 3/31/94 1605.67 12/1/99 1606.04 
9/9/88 1602.44 6/7/94 1605.37 2/2/00 1606.44 
10/5/88 1603.09 7/15/94 1605.76 4 /18/00 1606.68 
12/7/88 1603.26 8/2/94 1604.89 6/6/00 1606.70 
3/28/89 1604.08 9/8/94 1605.16 7/14/00 1605.73 
5/5/89 1603.73 9/28/94 1605.35 8/8/00 1603.47 
6/8/89 1603.05 12/6/94 1605.51 9/12/00 1603.77 
7/6/89 1602.03 1/31/95 1605.68 9/21/00 1604.37 
8/2/89 1601.48 3/30/95 1606.10 11/30/00 1605.63 
9/5/89 1602.14 5/2/95 1606.23 2/7/01 
10/4/89 1602.60 6/14/95 1606.14 3/29/01 1606.46 
12/1/89 1602.84 7/11/95 1604.59 6/15/01 1606.60 
2/2/90 1603.05 7/26/95 1604.17 7/13/01 1605.51 
4 /2 /90 1603.31 8/31/95 1605.19 8/7/01 1604.32 
6/6/90 1603.68 10/9/95 1606.21 9/4/01 1604.63 
7/3/90 1602.24 12/6/95 1606.34 9/27/01 1605.72 
7/31/90 1602.18 4/5/96 1606.22 12/6/01 1606.28 
9/5/90 1601.23 6/10/96 1606.48 2/2/02 
10/1/90 1601.91 8/8/96 1605.74 4/4/02 1606.45 
11/1/90 1602.33 9/13/96 1605.31 6/7/02 1606.09 
12/5/90 1602.48 10/2/96 1605.63 7/18/02 1602.81 
2/4/91 1602.56 12/4/96 1606.29 8/19/02 1603.57 
3/26/91 1603.21 2/14/97 1606.17 9/10/02 1603.93 
6/7/91 1603.68 3/31/97 1606.44 10/9/02 1604.84 
7/2/91 1602.60 5/8/97 1606.41 12/13/02 1605.57 
8/9/91 1601.07 6/3/97 1606.45 2/19/03 1606.01 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3/31/03 1606.40 12/2/08 1608.04 9/20/10 1608.01 
6/10/03 1606.77 2/3/09 9/24/10 1608.05 
7/3/03 1605.06 4/8/09 1608.39 11/2/10 1608.26 
8/9/03 1604.39 5/7/09 1608.24 12/2/10 1608.29 
10/10/03 1604.95 6/2/09 1607.34 2 /17/10 1608.67 
12/15/03 1605.59 7/7/09 1606.07 4/1/11 1608.78 
2/6/04 8/11/09 1603.92 5/3/11 1608.85 
4 /2 /04 1606.40 9/10/09 1606.99 7/11/11 1606.80 
6/4/04 1606.71 10/19/09 1607.59 
7/12/04 1606.90 12/1/09 
8/19/04 1603.98 4/5/10 1608.58 
9/7/04 1604.02 5/4/10 1608.61 
9/28/04 1605.05 5/24/10 1608.33 
12/9/04 1605.62 5/28/10 1608.35 
2/8/05 6/1/10 1608.48 
3/25/05 1606.58 6/4/10 1608.48 
5/4/05 1607.27 6/7/10 1608.35 
6/1/05 1607.45 6/11/10 1608.83 
7/7/05 1606.23 6/14/10 1609.50 
8/12/05 1604.55 6/16/10 1609.53 
9/26/05 1605.78 6/18/10 1609.45 
12/5/05 6/21/10 1609.27 
2/6/06 1606.76 6/24/10 1609.04 
4 /3 /06 1607.61 6/28/10 1608.53 
5/9/06 1607.55 7/1/10 1607.82 
6/6/06 1606.55 7/6/10 1608.23 
7/6/06 1605.21 7/9/10 1607.91 
8/9/06 1604.37 7/12/10 1608.45 
9/5/06 1605.28 7/16/10 1608.45 
10/13/06 1606.28 7/19/10 1607.67 
12/8/06 1606.68 7/23/10 1607.99 
2/5/07 7/26/10 1608.14 
4 /10/07 1607.99 7/30/10 1607.03 
6/4/07 1608.32 8/2/10 1606.89 
7/10/07 1605.00 8/6/10 1608.08 
8/7/07 1605.41 8/9/10 1608.25 
9/6/07 1607.19 8/13/10 1607.94 
10/9/07 1607.63 8/16/10 1607.20 
12/2/07 8/20/10 1607.78 
2/1/08 8/23/10 1607.57 
4 /8 /08 1608.32 8/27/10 1606.92 
5/6/08 1608.48 8/30/10 1606.60 
5/30/08 1608.98 9/3/10 1607.03 
7/1/08 1608.16 9/7/10 1607.38 
8/6/08 1605.32 9/10/10 1607.57 
9/3/08 1605.00 9/13/10 1607.57 
10/9/08 1607.32 9/17/10 1607.69 
W I L P - 2 2 Measu remen ts 
Groundwate r Groundwate r Groundwate r 
u a i e Elevat ion (ft.) u a i e E levat ion (ft.) u a i e Elevat ion (ft.) 
6/9/86 1609.38 9/5/91 1602.38 7/1/97 1612.11 
inm 1607.91 10/11/91 1604.74 8/8/97 1608.63 
8/12/86 1607.73 12/9/91 1605.60 9/4/97 1609.13 
9/8/86 1608.26 2/5/92 1606.54 10/3/97 1611.58 
10/9/86 1608.99 3/26/92 1608.15 12/15/97 1612.32 
12/5/86 1609.29 5/12/92 1607.91 2 /12/98 1612.34 
2/6/87 1609.11 6/5/92 1608.85 4/2/98 1613.28 
4/2/87 1610.70 7/8/92 1607.70 5/4/98 1612.69 
6/4/87 1609.51 8/4/92 1607.89 6/18/98 1613.01 
7/2/87 1606.58 9/3/92 1608.91 7/8/98 1612.23 
8/5/87 1605.06 10/6/92 1610.05 8/11/98 1610.16 
8/24/87 1607.10 12/1/92 1610.88 9/8/98 1610.35 
9/1/87 1607.59 2/2/93 9/30/98 1611.35 
9/18/87 1607.97 4/2/93 1611.33 11/23/98 1612.54 
10/1/87 1608.15 6/15/93 1611.54 2/4/99 1612.41 
10/30/87 1608.30 7/6/93 3/31/99 1612.87 
12/4/87 1608.56 7/29/93 6/8/99 1612,62 
1/29/88 1609.00 9/8/93 1611.34 7/9/99 1611.29 
4 /4 /88 1609.41 10/4/93 1611.41 8/3/99 1608,04 
5/31/88 1609.06 12/7/93 1611.41 9/10/99 1608.14 
7/7/88 1604.69 2/11/94 10/5/99 1610,47 
8/3/88 1605.31 3/31/94 1611.58 12/1/99 1611.53 
9/9/88 1606.29 6/7/94 1610.96 2/2/00 1612.11 
10/5/88 1607.12 7/15/94 1611.54 4 /18/00 1612.68 
12/7/88 1607.63 8/2/94 1609.92 6/6/00 1612.79 
3/28/89 1608.71 9/8/94 1610.53 7/14/00 1610.80 
5/5/89 1608.16 9/28/94 1610.84 8/8/00 1606.14 
6/8/89 1606.84 12/6/94 1611.12 9/12/00 1607.51 
7/6/89 1604.70 1/31/95 1611.28 9 /21/00 1608.51 
8/2/89 1603.77 3/30/95 1611.80 11/30/00 1610.63 
9/5/89 1605.30 5/2/95 1611.80 2/7/01 
10/4/89 1606.19 6/14/95 1607.21 3/29/01 1612.87 
12/1/89 1606.55 7/11/95 1603.82 6/15/01 1613.18 
2/2/90 1606.98 7/26/95 1603.14 7/13/01 1610.38 
4 /2 /90 1607.48 8/31/95 1605.36 8/7/01 1608,09 
6/6/90 1607.91 10/9/95 1607.26 9/4/01 1608.82 
7/3/90 1604.75 12/6/95 1607.31 9/27/01 1611.32 
7/31/90 1605.16 4/5/96 1612.46 12/6/01 1612.48 
9/5/90 1603.63 6/10/96 1613.03 2/2/02 
10/1/90 1604.92 8/8/96 1611.44 4/4/02 1612.55 
11/1/90 1605.48 9/13/96 1610.50 6/7/02 1611.70 
12/5/90 1605.80 10/2/96 1611.57 7/18/02 1605.10 
2/4/91 1605.99 12/4/96 1612.56 8/19/02 1606.84 
3/26/91 1606.73 2/14/97 1612.44 9/10/02 1607.66 
6/7/91 1607.67 3/31/97 1612.86 10/9/02 1609.40 
7/2/91 1605.57 5/8/97 1613.03 12/13/02 1610.53 
8/9/91 1603.37 6/3/97 1612.95 2/19/03 1611.38 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3 /31/03 1612.10 12/2/08 1614.75 9/20/10 1614.26 
6/10/03 1613.02 2/3/09 9/24/10 1614.42 
7/3/03 1609.13 4 /8 /09 1615.24 11/2/10 1614.89 
8/9/03 1607.85 5/7/09 1615.08 12/2/10 1614.99 
10/10/03 1609.44 6/2/09 1613.12 2 /17/10 1615.50 
12/15/03 1610.45 7/7/09 1610.19 4/1/11 1615.78 
2/6/04 8/11/09 1606.40 5/3/11 1616.23 
4 /2 /04 1612.13 9/10/09 1612.42 7/11/11 1611.46 
6/4/04 1612.79 10/19/09 1613.73 
7/12/04 1613.21 12/1/09 
8/19/04 1607.13 4/5/10 1615.68 
9/7/04 1607.53 5/4/10 1615.72 
9/28/04 1609.48 5/24/10 1615.16 
12/9/04 1610.69 5/28/10 1615.17 
2/8/05 6/1/10 1615.38 
3/25/05 1612.18 6/4/10 1615.43 
5/4/05 1613.71 6/7/10 1615.14 
6/1/05 1614.07 6/11/10 1615.98 
7/7/05 1611.41 6/14/10 1617.61 
8/12/05 1608.23 6/16/10 1616.93 
9/26/05 1610.69 6/18/10 1617.65 
12/5/05 6/21/10 1617.32 
2/6/06 1612.53 6/24/10 1616.90 
4 /3 /06 1614.13 6/28/10 1615.62 
5/9/06 1614.01 7/1/10 1613.77 
6/6/06 1610.98 7/6/10 1614.85 
7/6/06 1609.07 7/9/10 1613.77 
8/9/06 1607.79 7/12/10 1615.19 
9/5/06 1609.65 7/16/10 1615.32 
10/13/06 1611.43 7/19/10 1613.40 
12/8/06 1612.16 7/23/10 1614.25 
2/5/07 7/26/10 1614.67 
4 /10/07 1614.82 7/30/10 1612.12 
6/4/07 1615.71 8/2/10 1611.54 
7/10/07 1608.54 8/6/10 1614.42 
8/7/07 1609.61 8/9/10 1614.80 
9/6/07 1613.17 8/13/10 1614.02 
10/9/07 1614.11 8/16/10 1612.43 
12/2/07 8/20/10 1613.74 
2/1/08 8/23/10 1613.37 
4/8/08 1615.48 8/27/10 1611.94 
5/6/08 1615.84 8/30/10 1611.38 
5/30/08 1616.88 9/3/10 1612.33 
7/1/08 1615.13 9/7/10 1613.11 
8/6/08 1609.13 9/10/10 1613.37 
9/3/08 1608.61 9/13/10 1613.45 
10/9/08 1613.20 9/17/10 1613.72 
W I L P - 2 3 VIeasurements 
Groundwate r Groundwate r Groundwate r 
u a i e Elevat ion (ft.) u a i e E levat ion (ft.) u a i e Elevat ion (ft.) 
6/9/86 1605.89 9/5/91 1601.28 7/1/97 1607.86 
inm 1604.76 10/11/91 1602.81 8/8/97 1605.69 
8/12/86 1604.64 12/9/91 1603.38 9/4/97 1605.97 
9/8/86 1604.96 2/5/92 1604.11 10/3/97 1607.49 
10/9/86 1605.44 3/26/92 1605.06 12/15/97 1608.02 
12/5/86 1605.81 5/12/92 1604.93 2/12/98 1608.09 
2/6/87 1605.65 6/5/92 1605.56 4/2/98 1608.69 
4/2/87 1607.15 7/8/92 1604.78 5/4/98 1608.36 
6/4/87 1606.07 8/4/92 1604.93 6/18/98 1608.60 
7/2/87 1604.06 9/3/92 1605.50 7/8/98 1608.01 
8/5/87 1603.07 10/6/92 1606.14 8/11/98 1606.78 
8/24/87 1604.28 12/1/92 1606.70 9/8/98 1606.76 
9/1/87 1604.62 2/2/93 1606.61 9/30/98 1607.39 
9/18/87 1604.90 4/2/93 1607.10 11/23/98 1608.21 
10/1/87 1605.03 6/15/93 1607.16 2/4/99 1607.17 
10/30/87 1605.04 7/6/93 1607.88 3/31/99 1608.54 
12/4/87 1605.24 7/29/93 1607.86 6/8/99 1608.41 
1/29/88 1605.63 9/8/93 1607.05 7/9/99 1607.56 
4/4/88 1605.90 10/4/93 1607.00 8/3/99 1605.46 
5/31/88 1605.65 12/7/93 1607.11 9/10/99 1605.39 
7/7/88 1602.97 2/11/94 1606.98 10/5/99 1606.88 
8/3/88 1603.17 3/31/94 1607.32 12/1/99 1607.68 
9/9/88 1603.72 6/7/94 1606.93 2/2/00 1608.24 
10/5/88 1604.34 7/15/94 1607.36 4 /18/00 1608.54 
12/7/88 1604.58 8/2/94 1606.28 6/6/00 1608.61 
3/28/89 1605.42 9/8/94 1606.66 7/14/00 1607.34 
5/5/89 1605.07 9/28/94 1606.88 8/8/00 1604.39 
6/8/89 1604.28 12/6/94 1607.07 9/12/00 1604.96 
7/6/89 1602.98 1/31/95 1607.23 9/21/00 1605.65 
8/2/89 1602.36 3/30/95 1607.79 11/30/00 1607.14 
9/5/89 1603.19 5/2/95 1608.01 2/7/01 
10/4/89 1603.75 6/14/95 1607.88 3/29/01 1608.52 
12/1/89 1604.03 7/11/95 1605.80 6/15/01 1608.71 
2/2/90 1604.30 7/26/95 1605.38 7/13/01 1607.15 
4/2/90 1604.66 8/31/95 1606.66 8/7/01 1605.64 
6/6/90 1604.95 10/9/95 1607.97 9/4/01 1606.03 
7/3/90 1603.13 12/6/95 1608.05 9/27/01 1607.52 
7/31/90 1603.16 4/5/96 1608.01 12/6/01 1608.27 
9/5/90 1602.12 6/10/96 1608.38 2/2/02 
10/1/90 1602.94 8/8/96 1607.43 4/4/02 1608,40 
11/1/90 1603.34 9/13/96 1606.81 6/7/02 1607.87 
12/5/90 1603.53 10/2/96 1607.33 7/18/02 1603.67 
2/4/91 1603.68 12/4/96 1608.08 8/19/02 1604.65 
3/26/91 1604.30 2/14/97 1608.02 9/10/02 1605.13 
6/7/91 1604.89 3/31/97 1608.35 10/9/02 1605.29 
7/2/91 1603.56 5/8/97 1608.34 12/13/02 1607.20 
8/9/91 1601.95 6/3/97 1608.36 2/19/03 1607.77 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3/31/03 1608.31 12/2/08 1610.31 9/20/10 1610,21 
6/10/03 1608.81 2/3/09 9/24/10 1610,30 
7/3/03 1606.47 4/8/09 1610.78 11/2/10 1610,60 
8/9/03 1605.61 5/7/09 1610.59 12/2/10 1610,64 
10/10/03 1606.41 6/2/09 1609.34 2 /17 /10 1611,20 
12/15/03 1607.14 7/7/09 1607.59 4/1/11 1611,29 
2/6/04 8/11/09 1604.91 5/3/11 1611.42 
4/2/04 1608.28 9/10/09 1608.84 7/11/11 1608,56 
6/4/04 1608.75 10/19/09 1609.72 
7/12/04 1608.98 12/1/09 
8/19/04 1605.08 4/5/10 1611.00 
9/7/04 1605.24 5/4/10 1611.14 
9/28/04 1606.49 5/24/10 1610.75 
12/9/04 1607.29 5/28/10 1610.77 
2/8/05 6/1/10 1610.94 
3/25/05 1608,42 6/4/10 1610.94 
5/4/05 1609.40 6/7/10 1610.77 
6/1/05 1609.63 6/11/10 1611.39 
7/7/05 1607.98 6/14/10 1612.07 
8/12/05 1605.78 6/16/10 1615.29 
9/26/05 1607.38 6/18/10 1612.05 
12/5/05 6/21/10 1611.97 
2/6/06 1608.65 6/24/10 1611.71 
4 /3 /06 1609.76 6/28/10 1611.01 
5/9/06 1609.64 7/1/10 1609.93 
6/6/06 1608,36 7/6/10 1610.54 
7/6/06 1606.58 7/9/10 1609.91 
8/9/06 1605.58 7/12/10 1610.84 
9/5/06 1606.73 7/16/10 1610.88 
10/13/06 1607.97 7/19/10 1609.71 
12/8/06 1608.49 7/23/10 1610.19 
2/5/07 7/26/10 1610.45 
4/10/07 1610.33 7/30/10 1608.85 
6/4/07 1610.79 8/2/10 1608.57 
7/10/07 1606.29 8/6/10 1610.31 
8/7/07 1606.84 8/9/10 1610.57 
9/6/07 1609.16 8/13/10 1610.12 
10/9/07 1609.76 8/16/10 1609.07 
12/2/07 8/20/10 1609.89 
2/1/08 8/23/10 1609.63 
4 /8 /08 1610.72 8/27/10 1608.72 
5/6/08 1610.84 8/30/10 1608.34 
5/30/08 1611.71 9/3/10 1608.90 
7/1/08 1610.48 9/7/10 1609.39 
8/6/08 1606.67 9/10/10 1609.61 
9/3/08 1606.27 9/13/10 1609.65 
10/9/08 1609.25 9/17/10 1609.80 







Elevat ion (ft.) E levat ion (ft.) Elevat ion (ft.) 
6 /9/86 1608.53 9/5/91 1602.22 7/1/97 1611.63 
inim 1607.10 10/11/91 1604.41 8/8/97 1608.34 
8/12/86 1606.99 12/9/91 1605.37 9/4/97 1608.85 
9/8/86 1607.44 2/5/92 1606.16 10/3/97 1611.21 
10/9/86 1608.12 3/26/92 1607.67 12/15/97 1611.92 
12/5/86 1608.40 5/12/92 1607.45 2/12/98 1611.97 
2/6/87 1608.21 6/5/92 1608.38 4 /2 /98 1612.88 
4/2/87 1609.81 7/8/92 1607.29 5/4/98 1612.32 
6/4/87 1608.64 8/4/92 1607.42 6/18/98 1612.63 
7/2/87 1605.93 9/3/92 1608.43 7/8/98 1611.87 
8/5/87 1604.54 10/6/92 1609.46 8/11/98 1609.92 
8/24/87 1606.41 12/1/92 1610.23 9/8/98 1610.08 
9/1/87 1606.86 2/2/93 1609.98 9/30/98 1611.06 
9/18/87 1607.20 4/2/93 1610.63 11/23/98 1612.20 
10/1/87 1607.38 6/15/93 1610.88 2/4/99 1612.12 
10/30/87 1607.52 7/6/93 1611,66 3/31/99 1612.55 
12/4/87 1607.77 7/29/93 1611.69 6/8/99 1612.31 
1/29/88 1608.18 9/8/93 1610.65 7/9/99 1611.05 
4 /4 /88 1608.56 10/4/93 1610.73 8/3/99 1607.88 
5/31/88 1608.23 12/7/93 1610.78 9/10/99 1607.99 
7/7/88 1604.25 2 /11/94 10/5/99 1610.25 
8/3/88 1604.80 3/31/94 1610.95 12/1/99 1611.28 
9/9/88 1605.73 6/7/94 1610.36 2/2/00 1611.63 
10/5/88 1606.48 7/15/94 1610.92 4 /18/00 1612.48 
12/7/88 1606.95 8/2/94 1609.40 6/6/00 1612,60 
3/28/89 1608.03 9/8/94 1609.97 7/14/00 1610.69 
5/5/89 1607.25 9/28/94 1610.27 8/8/00 1606,13 
6/8/89 1606.27 12/6/94 1610.55 9/12/00 1608.46 
7/6/89 1604.32 1/31/95 1610.68 9/21/00 1608,46 
8/2/89 1603.48 3/30/95 1611.52 11/30/00 1610,51 
9/5/89 1604.86 5/2/95 1611.76 2/7/01 
10/4/89 1605.70 6/14/95 1611.75 3/29/01 1612,68 
12/1/89 1606.06 7/11/95 1608.45 6/15/01 
2/2/90 1606.44 7/26/95 1607.87 7/13/01 1610,38 
4/2/90 1606.92 8/31/95 1609.97 8/7/01 1608,07 
6/6/90 1607.32 10/9/95 1611.76 9/4/01 1608,80 
7/3/90 1604.41 12/6/95 1611.83 9/27/01 1611,22 
7/31/90 1604.76 4/5/96 1611.88 12/6/01 1612,34 
9/5/90 1606.39 6/10/96 1612.45 2/2/02 
10/1/90 1604.58 8/8/96 1610.93 4/4/02 1612.51 
11/1/90 1605.11 9/13/96 1610.08 6/7/02 1611,60 
12/5/90 1605.42 10/2/96 1611.05 7/18/02 1605.16 
2/4/91 1605.61 12/4/96 1612.06 8/19/02 1606,87 
3/26/91 1606.30 2/14/97 9/10/02 1607.66 
6/7/91 1607.17 3/31/97 1612.35 10/9/02 1609,37 
7/2/91 1605.20 5/8/97 1612.53 12/13/02 1610.60 
8/9/91 1603.16 6/3/97 1612.46 2/19/03 1611.35 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft,) 
3/31/03 1612.08 12/2/08 1610.60 9/20/10 1610,16 
6/10/03 1612.98 2/3/09 9/24/10 1610,32 
7/3/03 1609.16 4/8/09 1611.13 11/2/10 1610.79 
8/9/03 1607.90 5/7/09 1610.93 12/2/10 1611,02 
10/10/03 1609.46 6/2/09 1609.01 2/17/10 1611.38 
12/15/03 1610.46 7/7/09 1606,10 4/1/11 1611,68 
2/6/04 8/11/09 1602.33 5/3/11 1611.89 
4/2/04 1612.10 9/10/09 1608,32 7/11/11 1607,38 
6/4/04 1612.79 10/19/09 1609.63 
7/12/04 12/1/09 
8/19/04 1607.19 4/5/10 1611,54 
9/7/04 1607.57 5/4/10 1611.60 
9/28/04 1609.49 5/24/10 1611,04 
12/9/04 1610.70 5/28/10 1611.06 
2/8/05 6/1/10 1611,22 
3/25/05 1612.18 6/4/10 1611.32 
5/4/05 6/7/10 1611,02 
6/1/05 1609.85 6/11/10 1611.85 
7/7/05 1607.23 6/14/10 1616,70 
8/12/05 1604.09 6/16/10 1616.70 
9/26/05 1606.53 6/18/10 1616,55 
12/5/05 6/21/10 1616.23 
2/6/06 1608.48 6/24/10 1612,69 
4/3/06 1609.95 6/28/10 1611.50 
5/9/06 1609.84 7/1/10 1609,70 
6/6/06 1607.82 7/6/10 1610.72 
7/6/06 1604.96 7/9/10 1609,69 
8/9/06 1603.71 7/12/10 1611.06 
9/5/06 1605.54 7/16/10 1611,20 
10/13/06 1607.29 7/19/10 1609.29 
12/8/06 1607.98 7/23/10 1610,14 
2/5/07 7/26/10 1610.56 
4 /10/07 1610.66 7/30/10 1608.03 
6/4/07 1611.54 8/2/10 1607.40 
7/10/07 1604.48 8/6/10 1610.31 
8/7/07 1605.49 8/9/10 1610.69 
9/6/07 1609.02 8/13/10 1609.92 
10/9/07 1609.96 8/16/10 1608.34 
12/2/07 8/20/10 1609.63 
2/1/08 8/23/10 1609,27 
4 /8 /08 1611.33 8/27/10 1607.86 
5/6/08 1611.66 8/30/10 1607,29 
5/30/08 1612.72 9/3/10 1608,23 
7/1/08 1610.92 9/7/10 1609,00 
8/6/08 1610.32 9/10/10 1609,29 
9/3/08 1604.51 9/13/10 1609,36 
10/9/08 1609.06 9/17/10 1609,62 
W I L P - 2 5 Measuremen ts 
Groundwate r Groundwate r Groundwater 
u a i e E levat ion (ft.) u a i e E levat ion (ft.) u a i e Elevat ion (ft.) 
6 /9/86 1604.36 9/5/91 1600.94 7/1/97 1606.59 
7/7/86 1603.32 10/11/91 1602.20 8/8/97 1604.80 
8/12/86 1603.27 12/9/91 1602.68 9/4/97 1605.03 
9/8/86 1603.52 2/5/92 1603.37 10/3/97 1606.32 
10/9/86 1603.85 3/26/92 1604.08 12/15/97 1606.81 
12/5/86 1604.26 5/12/92 1603.96 2/12/98 1606.87 
2/6/87 1604.10 6/5/92 1604.50 4/2/98 1607.37 
4/2/87 1605.70 7/8/92 1603.84 5/4/98 1607.10 
6/4/87 1604.60 8/4/92 1603.98 6/18/98 1607.23 
712187 1602.96 9/3/92 1604.40 7/8/98 1606.79 
8/5/87 1602.21 10/6/92 1604.90 8/11/98 1605.78 
8/24/87 1603.15 12/1/92 1605.25 9/8/98 1605.76 
9/1/87 1603,40 2/2/93 1605.14 9/30/98 1606.29 
9/18/87 1603.59 4/2/93 1605.56 11/23/98 1606.96 
10/1/87 1603.71 6/15/93 1605.63 2/4/99 1606.98 
10/30/87 1603.71 7/6/93 1606.46 3/31/99 1607.33 
12/4/87 1603.87 7/29/93 1606.37 6/8/99 1607.26 
1/29/88 1604.23 9/8/93 1605.58 7/9/99 1606.47 
4 /4 /88 1604.44 10/4/93 1605.55 8/3/99 1604.67 
5/31/88 1604.26 12/7/93 1605.67 9/10/99 1604.61 
7/7/88 1602.20 2/11/94 1605.54 10/5/99 1605.89 
8/3/88 1602.32 3/31/94 1605.88 12/1/99 1606.58 
9/9/88 1602.82 6/7/94 1605.60 2/2/00 1607.13 
10/5/88 1603.28 7/15/94 1605.95 4 /18/00 1607.43 
12/7/88 1603.44 8/2/94 1605.11 6/6/00 1607.51 
3/28/89 1604.22 9/8/94 1605.43 7/14/00 1606.36 
5/5/89 1603.89 9/28/94 1605.62 8/8/00 1603.86 
6/8/89 1603.29 12/6/94 1605.79 9/12/00 1604.24 
7/6/89 1602.27 1/31/95 1605.94 9/21/00 1604.90 
8/2/89 1601.81 3/30/95 1606.42 11/30/00 1606.18 
9/5/89 1602.46 5/2/95 1606.60 2/7/01 
10/4/89 1602.91 6/14/95 1606.48 3/29/01 1607.50 
12/1/89 1603.15 7/11/95 1604.78 6/15/01 1607.66 
2/2/90 1603.40 7/26/95 1604.42 7/13/01 1606.34 
4 /2 /90 1605.69 8/31/95 1605.50 8/7/01 1604.99 
6/6/90 1603.90 10/9/95 1606.52 9/4/01 1605.32 
7/3/90 1602.46 12/6/95 1608.63 9/27/01 1606.61 
7/31/90 1602.46 4/5/96 1606.53 12/6/01 1607.23 
9/5/90 1601.63 6/10/96 1606.90 2/2/02 
10/1/90 1602.28 8/8/96 1606.07 4/4/02 1607.39 
11/1/90 1602.63 9/13/96 1605.67 6/7/02 1606.97 
12/5/90 1602.78 10/2/96 1606.06 7/18/02 1603.25 
2/4/91 1602.94 12/4/96 1606.75 8/19/02 1604.10 
3/26/91 1603.47 2/14/97 1606.57 9/10/02 1604.49 
6/7/91 1603.89 3/31/97 1606.98 10/9/02 1605.54 
7/2/91 1602.83 5/8/97 1606.99 12/13/02 1606.38 
8/9/91 1601.48 6/3/97 1607.01 2/19/03 1606.94 







Elevat ion (ft.) E levat ion (ft.) E levat ion (ft.) 
3 /31/03 1607.46 12/2/08 1609.37 9/20/10 1609.38 
6/10/03 1607.84 2/3/09 9/24/10 1609.43 
7/3/03 1605.82 4/8/09 1609.87 11/2/10 1609.72 
8/9/03 1605.02 5/7/09 1609.66 12/2/10 1609.75 
10/10/03 1605.67 6/2/09 1608.50 2 /17/10 1610.22 
12/15/03 1606.38 7/7/09 1606.93 4/1/11 1610.38 
2/6/04 8/11/09 1604.45 5/3/11 1610.46 
4/2/04 1607.41 9/10/09 1608.06 7/11/11 1607.86 
6/4/04 1607.81 10/19/09 1608.86 
7/12/04 1608.1 12/1/09 
8/19/04 1604.56 4/5/10 1610.18 
9/7/04 1604.66 5/4/10 1610.21 
9/28/04 1605.78 5/24/10 1609.86 
12/9/04 1606.49 5/28/10 1609.89 
2/8/05 6/1/10 1610.03 
3/25/05 1607.56 6/4/10 1610.03 
5/4/05 1608.47 6/7/10 1609.87 
6/1/05 1608.65 6 /11/10 1610.4 
7/7/05 1607.15 6 /14/10 1611.43 
8/12/05 1605.16 6/16/10 1611.48 
9/26/05 1606.61 6/18/10 1611.34 
12/5/05 6/21/10 1611.09 
2/6/06 1607.78 6/24/10 1610.8 
4/3/06 1608.77 6 /28/10 1610.08 
5/9/06 1608.67 7/1/10 1609.12 
6/6/06 1607.52 7/6/10 1609.63 
7/6/06 1605.97 7/9/10 1609.1 
8/9/06 1605.04 7/12/10 1609.89 
9/5/06 1606.07 7/16/10 1609.95 
10/13/06 1607.13 7/19/10 1611.74 
12/8/06 1607.67 7/23/10 1609.31 
2/5/07 7/26/10 1609.57 
4 /10/07 1609.38 7/30/10 1608.11 
6/4/07 1609.77 8/2/10 1607.74 
7/10/07 1605.66 8/6/10 1609.44 
8/7/07 1606.14 8/9/10 1609.67 
9/6/07 1608.27 8/13/10 1609.21 
10/9/07 1608.80 8/16/10 1608.31 
12/2/07 8/20/10 1609.05 
2/1/08 8/23/10 1608.83 
4 /8 /08 1609.69 8/27/10 1607.98 
5/6/08 1609.90 8/30/10 1607.63 
5/30/08 1610.66 9/3/10 1608.13 
7/1/08 1609.47 9/7/10 1608.6 
8/6/08 1605.97 9/10/10 1608.82 
9/3/08 1605.61 9/13/10 1608.85 











Willow Creek Reservoir Elevation Data 







9/2/2004 1622.94 10/16/2004 1621.87 11/29/2004 1622.17 
9/3/2004 1622.86 10/17/2004 1621.85 11/30/2004 1622.18 
9/4/2004 1622.77 10/18/2004 1621.86 12/1/2004 1622.20 
9/5/2004 1622.74 10/19/2004 1621.85 12/2/2004 1622.21 
9/6/2004 1622.67 10/20/2004 1621.87 12/3/2004 1622.23 
9/7/2004 1622.59 10/21/2004 1621.88 12/4/2004 1622.25 
9/8/2004 1622.53 10/22/2004 1621.90 12/5/2004 1622.27 
9/9/2004 1622.46 10/23/2004 1621.92 12/6/2004 1622.30 
9/10/2004 1622,38 10/24/2004 1621.92 12/7/2004 1622,32 
9/11/2004 1622.30 10/25/2004 1621.91 12/8/2004 1622.34 
9/12/2004 1622.25 10/26/2004 1621.88 12/9/2004 1622.36 
9/13/2004 1622.22 10/27/2004 1621.87 12/10/2004 1622.37 
9/14/2004 1622.27 10/28/2004 1621.87 12/11/2004 1622.38 
9/15/2004 1622.35 10/29/2004 1621.89 12/12/2004 1622.41 
9/16/2004 1622.30 10/30/2004 1621.92 12/13/2004 1622.41 
9/17/2004 1622.27 10/31/2004 1621.91 12/14/2004 1622.41 
9/18/2004 1622,23 11/1/2004 1621.88 12/15/2004 1622.40 
9/19/2004 1622.21 11/2/2004 1621,86 12/16/2004 1622.42 
9/20/2004 1622,15 11/3/2004 1621.87 12/17/2004 1622.44 
9/21/2004 1622.09 11/4/2004 1621,88 12/18/2004 1622.46 
9/22/2004 1622.09 11/5/2004 1621.88 12/19/2004 1622.46 
9/23/2004 1622.26 11/6/2004 1621,88 12/20/2004 1622.47 
9/24/2004 1622.24 11/7/2004 1621.88 12/21/2004 1622.47 
9/25/2004 1622.23 11/8/2004 1621,88 12/22/2004 1622.47 
9/26/2004 1622.22 11/9/2004 1621.87 12/23/2004 1622.48 
9/27/2004 1622,20 11/10/2004 1621.87 12/24/2004 1622.48 
9/28/2004 1622.16 11/11/2004 1621.87 12/25/2004 1622.47 
9/29/2004 1622.16 11/12/2004 1621.86 12/26/2004 1622.46 
9/30/2004 1622.14 11/13/2004 1621.85 12/27/2004 1622.46 
10/1/2004 1622.12 11/14/2004 1621.84 12/28/2004 1622.48 
10/2/2004 1622.09 11/15/2004 1621.84 12/29/2004 1622.49 
10/3/2004 1622.04 11/16/2004 1621.86 12/30/2004 1622.50 
10/4/2004 1622.03 11/17/2004 1621.86 12/31/2004 1622.52 
10/5/2004 1621.99 11/18/2004 1621.88 
10/6/2004 1621.97 11/19/2004 1621.92 
10/7/2004 1621.96 11/20/2004 1621.98 
10/8/2004 1621.96 11/21/2004 1622.02 
10/9/2004 1621.97 11/22/2004 1622.03 
10/10/2004 1622.00 11/23/2004 1622.04 
10/11/2004 1621.98 11/24/2004 1622.05 
10/12/2004 1621.96 11/25/2004 1622.05 
10/13/2004 1621.94 11/26/2004 1622.07 
10/14/2004 1621.91 11/27/2004 1622.10 
10/15/2004 1621.92 11/28/2004 1622.13 
Date Elevation 
(ft) 









1/1/2005 1622.55 2/14/2005 1623.09 3/30/2005 1623.98 5/13/2005 1626.29 
1/2/2005 1622.56 2/15/2005 1623.14 3/31/2005 1624.01 5/14/2005 1626.38 
1/3/2005 1622.56 2/16/2005 1623.18 4/1/2005 1624.03 5/15/2005 1626.31 
1/4/2005 1622.56 2/17/2005 1623.22 4/2/2005 1624.06 5/16/2005 1626.26 
1/5/2005 1622.57 2/18/2005 1623.25 4/3/2005 1624.10 5/17/2005 1626.22 
1/6/2005 1622.58 2/19/2005 1623.28 4/4/2005 1624.16 5/18/2005 1626,17 
1/7/2005 1622.59 2/20/2005 1623.32 4/5/2005 1624.22 5/19/2005 1626.14 
1/8/2005 1622.60 2/21/2005 1623.35 4/6/2005 1624.22 5/20/2005 1626,10 
1/9/2005 1622.60 2/22/2005 1623.39 4/7/2005 1624.23 5/21/2005 1626.06 
1/10/2005 1622.61 2/23/2005 1623.41 4/8/2005 1624.22 5/22/2005 1626,04 
1/11/2005 1622.61 2/24/2005 1623.44 4/9/2005 1624.25 5/23/2005 1626,01 
1/12/2005 1622.62 2/25/2005 1623.47 4/10/2005 1624.27 5/24/2005 1625,99 
1/13/2005 1622.62 2/26/2005 1623.49 4/11/2005 1624.42 5/25/2005 1625.98 
1/14/2005 1622.61 2/27/2005 1623.52 4/12/2005 1624.46 5/26/2005 1625.96 
1/15/2005 1622.60 2/28/2005 1623.53 4/13/2005 1624.53 5/27/2005 1625.95 
1/16/2005 1622.61 3/1/2005 1623.54 4/14/2005 1624.60 5/28/2005 1625.93 
1/17/2005 1622.60 3/2/2005 1623.56 4/15/2005 1624.66 5/29/2005 1625.93 
1/18/2005 1622.59 3/3/2005 1623.58 4/16/2005 1624.70 5/30/2005 1625.92 
1/19/2005 1622.56 3/4/2005 1623.60 4/17/2005 1624.74 5/31/2005 1625.91 
1/20/2005 1622.59 3/5/2005 1623.60 4/18/2005 1624.79 6/1/2005 1625.90 
1/21/2005 1622.62 3/6/2005 1623.68 4/19/2005 1624.88 6/2/2005 1625.91 
1/22/2005 1622.63 3/7/2005 1623.69 4/20/2005 1625.25 6/3/2005 1625.98 
1/23/2005 1622.62 3/8/2005 1623.69 4/21/2005 1625.55 6/4/2005 1626.06 
1/24/2005 1622.61 3/9/2005 1623.71 4/22/2005 1625.84 6/5/2005 1626,13 
1/25/2005 1622.62 3/10/2005 1623.76 4/23/2005 1626.23 6/6/2005 1626.21 
1/26/2005 1622.64 3/11/2005 1623.73 4/24/2005 1626.42 6/7/2005 1626.30 
1/27/2005 1622.65 3/12/2005 1623.72 4/25/2005 1626.50 6/8/2005 1626.38 
1/28/2005 1622.65 3/13/2005 1623.73 4/26/2005 1626.37 6/9/2005 1626.42 
1/29/2005 1622.67 3/14/2005 1623.73 4/27/2005 1626.38 6/10/2005 1626.54 
1/30/2005 1622.68 3/15/2005 1623.74 4/28/2005 1626.43 6/11/2005 1626.54 
1/31/2005 1622.71 3/16/2005 1623.74 4/29/2005 1626.35 6/12/2005 1626.54 
2/1/2005 1622.75 3/17/2005 1623.74 4/30/2005 1626.28 6/13/2005 1626.60 
2/2/2005 1622.75 3/18/2005 1623.76 5/1/2005 1626.20 6/14/2005 1626.67 
2/3/2005 1622.74 3/19/2005 1623.77 5/2/2005 1626.14 6/15/2005 1626.72 
2/4/2005 1622.76 3/20/2005 1623.78 5/3/2005 1626,08 6/16/2005 1626.70 
2/5/2005 1622.79 3/21/2005 1623.79 5/4/2005 1626.02 6/17/2005 1626,64 
2/6/2005 1622.82 3/22/2005 1623.81 5/5/2005 1625.98 6/18/2005 1626.57 
2/7/2005 1622.84 3/23/2005 1623.83 5/6/2005 1625.88 6/19/2005 1626.49 
2/8/2005 1622.85 3/24/2005 1623.85 5/7/2005 1625.80 6/20/2005 1626,42 
2/9/2005 1622.88 3/25/2005 1623.88 5/8/2005 1625.80 6/21/2005 1626.88 
2/10/2005 1622.89 3/26/2005 1623.90 5/9/2005 1625.81 6/22/2005 1627.37 
2/11/2005 1622.90 3/27/2005 1623.91 5/10/2005 1625.82 6/23/2005 1627.50 
2/12/2005 1622.93 3/28/2005 1623.93 5/11/2005 1625.85 6/24/2005 1627.42 
2/13/2005 1623.03 3/29/2005 1623.95 5/12/2005 1625.92 6/25/2005 1627.24 
2005 Willow Creek Reservoir Pool Elevations 
Date Elevation Date Elevation Date Elevation Date Elevation 
(ft.) (ft.) (ft.) (ft.) 
6/26/2005 1627.08 8/9/2005 1624.14 9/22/2005 1622.81 11/5/2005 1622.61 
6/27/2005 1626.94 8/10/2005 1624.07 9/23/2005 1622.79 11/6/2005 1622.62 
6/28/2005 1626.92 8/11/2005 1624.04 9/24/2005 1622,79 11/7/2005 1622,62 
6/29/2005 1626.78 8/12/2005 1623.97 9/25/2005 1622.80 11/8/2005 1622.62 
6/30/2005 1626.60 8/13/2005 1623.93 9/26/2005 1622,79 11/9/2005 1622,62 
7/1/2005 1626.51 8/14/2005 1623.88 9/27/2005 1622.78 11/10/2005 1622.63 
7/2/2005 1626.43 8/15/2005 1623.85 9/28/2005 1622,78 11/11/2005 1622,62 
7/3/2005 1626.34 8/16/2005 1623.81 9/29/2005 1622.78 11/12/2005 1622.65 
7/4/2005 1626.24 8/17/2005 1623.78 9/30/2005 1622,76 11/13/2005 1622.63 
7/5/2005 1626.13 8/18/2005 1623.76 10/1/2005 1622.76 11/14/2005 1622.63 
7/6/2005 1626.04 8/19/2005 1623.72 10/2/2005 1622,77 11/15/2005 1622.70 
7/7/2005 1625.93 8/20/2005 1623.68 10/3/2005 1622.78 11/16/2005 1622.68 
7/8/2005 1625.86 8/21/2005 1623.64 10/4/2005 1622,76 11/17/2005 1622.67 
7/9/2005 1625.78 8/22/2005 1623.59 10/5/2005 1622.74 11/18/2005 1622.69 
7/10/2005 1625.69 8/23/2005 1623.54 10/6/2005 1622,70 11/19/2005 1622.74 
7/11/2005 1625.62 8/24/2005 1623.48 10/7/2005 1622.64 11/20/2005 1622.78 
7/12/2005 1625.55 8/25/2005 1623.43 10/8/2005 1622,62 11/21/2005 1622.78 
7/13/2005 1625.50 8/26/2005 1623.37 10/9/2005 1622.60 11/22/2005 1622,80 
7/14/2005 1625.45 8/27/2005 1623.34 10/10/2005 1622,58 11/23/2005 1622.81 
7/15/2005 1625.39 8/28/2005 1623.30 10/11/2005 1622,59 11/24/2005 1622,81 
7/16/2005 1625.33 8/29/2005 1623.26 10/12/2005 1622,59 11/25/2005 1622.82 
7/17/2005 1625.24 8/30/2005 1623.22 10/13/2005 1622.59 11/26/2005 1622,80 
7/18/2005 1625.17 8/31/2005 1623.17 10/14/2005 1622.59 11/27/2005 1622.83 
7/19/2005 1625.10 9/1/2005 1623.12 10/15/2005 1622,60 11/28/2005 1622,98 
7/20/2005 1625.04 9/2/2005 1623.09 10/16/2005 1622.60 11/29/2005 1622.95 
7/21/2005 1624.98 9/3/2005 1623.04 10/17/2005 1622,60 11/30/2005 1622,93 
7/22/2005 1624.95 9/4/2005 1623.02 10/18/2005 1622.60 12/1/2005 1622.91 
7/23/2005 1624.90 9/5/2005 1623.00 10/19/2005 1622.60 12/2/2005 1622.90 
7/24/2005 1624.85 9/6/2005 1622,99 10/20/2005 1622,61 12/3/2005 1622.91 
7/25/2005 1624.75 9/7/2005 1622.97 10/21/2005 1622.61 12/4/2005 1622,93 
7/26/2005 1624.71 9/8/2005 1622,95 10/22/2005 1622.61 12/5/2005 1622.95 
7/27/2005 1624.65 9/9/2005 1622.93 10/23/2005 1622.61 12/6/2005 1622,96 
7/28/2005 1624.60 9/10/2005 1622.91 10/24/2005 1622.62 12/7/2005 1622.97 
7/29/2005 1624.55 9/11/2005 1622.91 10/25/2005 1622.62 12/8/2005 1622.99 
7/30/2005 1624.50 9/12/2005 1622.89 10/26/2005 1622.62 12/9/2005 1623.00 
7/31/2005 1624.46 9/13/2005 1622.87 10/27/2005 1622.62 12/10/2005 1623.02 
8/1/2005 1624.43 9/14/2005 1622.85 10/28/2005 1622.62 12/11/2005 1623.04 
8/2/2005 1624.42 9/15/2005 1622.85 10/29/2005 1622.63 12/12/2005 1623.06 
8/3/2005 1624.38 9/16/2005 1622.84 10/30/2005 1622.63 12/13/2005 1623.10 
8/4/2005 1624.41 9/17/2005 1622.82 10/31/2005 1622.63 12/14/2005 1623.16 
8/5/2005 1624.37 9/18/2005 1622.83 11/1/2005 1622.63 12/15/2005 1623.19 
8/6/2005 1624.30 9/19/2005 1622.82 11/2/2005 1622.62 12/16/2005 1623.22 
8/7/2005 1624.25 9/20/2005 1622.81 11/3/2005 1622.60 12/17/2005 1623.23 
8/8/2005 1624.20 9/21/2005 1622.82 11/4/2005 1622.61 12/18/2005 1623.23 
2005 Willow Creek Reservoir Pool Elevations 







12/19/2005 1623 24 
12/20/2005 1623 25 
12/21/2005 1623 27 
12/22/2005 1623 28 
12/23/2005 1623 30 
12/24/2005 1623 33 
12/25/2005 1623 36 
12/26/2005 1623 39 
12/27/2005 1623 42 
12/28/2005 1623 46 
12/29/2005 1623 50 
12/30/2005 1623 56 
12/31/2005 1623 59 
2006 Willow Creek Reservoir Pool E evations 
Date Elevation Date Elevation Date Elevation Date Elevation 
(ft.) (ft.) (ft.) (ft.) 
1/1/2006 1623.59 2/14/2006 1624.44 3/30/2006 1625.55 5/13/2006 1625.77 
1/2/2006 1623.63 2/15/2006 1624.45 3/31/2006 1625.88 5/14/2006 1625.75 
1/3/2006 1623.66 2/16/2006 1624.47 4/1/2006 1626.32 5/15/2006 1625.73 
1/4/2006 1623.70 2/17/2006 1624.48 4/2/2006 1626.79 5/16/2006 1625.73 
1/5/2006 1623.74 2/18/2006 1624.49 4/3/2006 1627.06 5/17/2006 1625.72 
1/6/2006 1623.77 2/19/2006 1624.49 4/4/2006 1627.14 5/18/2006 1625.72 
1/7/2006 1623.79 2/20/2006 1624.50 4/5/2006 1627.04 5/19/2006 1625.71 
1/8/2006 1623.81 2/21/2006 1624.51 4/6/2006 1626.91 5/20/2006 1625.71 
1/9/2006 1623.84 2/22/2006 1624.52 4/7/2006 1626.80 5/21/2006 1625.70 
1/10/2006 1623.86 2/23/2006 1624.54 4/8/2006 1626.73 5/22/2006 1625.71 
1/11/2006 1623.87 2/24/2006 1624.56 4/9/2006 1626.67 5/23/2006 1625.72 
1/12/2006 1623.89 2/25/2006 1624.59 4/10/2006 1626.60 5/24/2006 1625.75 
1/13/2006 1623.91 2/26/2006 1624.61 4/11/2006 1626.52 5/25/2006 1625.76 
1/14/2006 1623.93 2/27/2006 1624.64 4/12/2006 1626.44 5/26/2006 1625.77 
1/15/2006 1623.94 2/28/2006 1624.66 4/13/2006 1626.37 5/27/2006 1625.76 
1/16/2006 1623.96 3/1/2006 1624.69 4/14/2006 1626.30 5/28/2006 1625.75 
1/17/2006 1623.97 3/2/2006 1624.71 4/15/2006 1626.25 5/29/2006 1625.73 
1/18/2006 1623.97 3/3/2006 1624.72 4/16/2006 1626.23 5/30/2006 1625.70 
1/19/2006 1623.99 3/4/2006 1624.72 4/17/2006 1626.25 5/31/2006 1625.69 
1/20/2006 1624.01 3/5/2006 1624.73 4/18/2006 1626.28 6/1/2006 1625.68 
1/21/2006 1624.03 3/6/2006 1624.74 4/19/2006 1626.32 6/2/2006 1625.64 
1/22/2006 1624.05 3/7/2006 1624.76 4/20/2006 1626.31 6/3/2006 1625.59 
1/23/2006 1624.07 3/8/2006 1624.78 4/21/2006 1626.28 6/4/2006 1625.52 
1/24/2006 1624.08 3/9/2006 1624.81 4/22/2006 1626.22 6/5/2006 1625.49 
1/25/2006 1624.10 3/10/2006 1624.85 4/23/2006 1626.17 6/6/2006 1625.46 
1/26/2006 1624.11 3/11/2006 1624.89 4/24/2006 1626.14 6/7/2006 1625.44 
1/27/2006 1624.13 3/12/2006 1624.91 4/25/2006 1626.13 6/8/2006 1625.40 
1/28/2006 1624.15 3/13/2006 1624.92 4/26/2006 1626.12 6/9/2006 1625.34 
1/29/2006 1624.18 3/14/2006 1624.92 4/27/2006 1626.11 6/10/2006 1625.29 
1/30/2006 1624.21 3/15/2006 1624.92 4/28/2006 1626.10 6/11/2006 1625.25 
1/31/2006 1624.24 3/16/2006 1624.92 4/29/2006 1626.08 6/12/2006 1625.22 
2/1/2006 1624.26 3/17/2006 1624.93 4/30/2006 1626.09 6/13/2006 1625.19 
2/2/2006 1624.29 3/18/2006 1624.94 5/1/2006 1626.10 6/14/2006 1625.16 
2/3/2006 1624.31 3/19/2006 1624.96 5/2/2006 1626.08 6/15/2006 1625.13 
2/4/2006 1624.32 3/20/2006 1625.00 5/3/2006 1626.03 6/16/2006 1625.12 
2/5/2006 1624.33 3/21/2006 1625.06 5/4/2006 1625.97 6/17/2006 1625.14 
2/6/2006 1624.34 3/22/2006 1625.12 5/5/2006 1625.93 6/18/2006 1625.19 
2/7/2006 1624.36 3/23/2006 1625.16 5/6/2006 1625.91 6/19/2006 1625.26 
2/8/2006 1624.37 3/24/2006 1625.18 5/7/2006 1625.89 6/20/2006 1625.32 
2/9/2006 1624.39 3/25/2006 1625.20 5/8/2006 1625.87 6/21/2006 1625.40 
2/10/2006 1624.40 3/26/2006 1625.22 5/9/2006 1625.86 6/22/2006 1625.51 
2/11/2006 1624.41 3/27/2006 1625.26 5/10/2006 1625.85 6/23/2006 1625.57 
2/12/2006 1624.42 3/28/2006 1625.30 5/11/2006 1625.84 6/24/2006 1625.60 
2/13/2006 1624.43 3/29/2006 1625.39 5/12/2006 1625.81 6/25/2006 1625.59 







Date Elevation (ft.) 
6/26/2006 1625.61 8/9/2006 1623.34 9/22/2006 1623.06 11/5/2006 1623.56 
6/27/2006 1625.61 8/10/2006 1623.31 9/23/2006 1623.11 11/6/2006 1623.57 
6/28/2006 1625.62 8/11/2006 1623.29 9/24/2006 1623.16 11/7/2006 1623.58 
6/29/2006 1625.63 8/12/2006 1623.27 9/25/2006 1623.18 11/8/2006 1623.59 
6/30/2006 1625.64 8/13/2006 1623.27 9/26/2006 1623,20 11/9/2006 1623,61 
7/1/2006 1625.63 8/14/2006 1623.24 9/27/2006 1623.21 11/10/2006 1623.62 
7/2/2006 1625.60 8/15/2006 1623.20 9/28/2006 1623.22 11/11/2006 1623.62 
7/3/2006 1625.57 8/16/2006 1623.16 9/29/2006 1623.23 11/12/2006 1623.63 
7/4/2006 1625.51 8/17/2006 1623.11 9/30/2006 1623.24 11/13/2006 1623.64 
7/5/2006 1625.47 8/18/2006 1623,08 10/1/2006 1623.25 11/14/2006 1623.65 
7/6/2006 1625.41 8/19/2006 1623,07 10/2/2006 1623,25 11/15/2006 1623,66 
7/7/2006 1625.35 8/20/2006 1623.07 10/3/2006 1623.25 11/16/2006 1623.68 
7/8/2006 1625.30 8/21/2006 1623.07 10/4/2006 1623.25 11/17/2006 1623.70 
7/9/2006 1625.26 8/22/2006 1623.04 10/5/2006 1623.25 11/18/2006 1623.71 
7/10/2006 1625.22 8/23/2006 1623.00 10/6/2006 1623,25 11/19/2006 1623.72 
7/11/2006 1625.19 8/24/2006 1622.95 10/7/2006 1623.25 11/20/2006 1623.73 
7/12/2006 1625.15 8/25/2006 1622.91 10/8/2006 1623.24 11/21/2006 1623.74 
7/13/2006 1625.11 8/26/2006 1622,86 10/9/2006 1623,26 11/22/2006 1623.75 
7/14/2006 1625.06 8/27/2006 1622.81 10/10/2006 1623,27 11/23/2006 1623.76 
7/15/2006 1625.02 8/28/2006 1622,77 10/11/2006 1623.30 11/24/2006 1623.78 
7/16/2006 1624.97 8/29/2006 1622.74 10/12/2006 1623.31 11/25/2006 1623.79 
7/17/2006 1624.92 8/30/2006 1622.71 10/13/2006 1623.31 11/26/2006 1623.81 
7/18/2006 1624.84 8/31/2006 1622.67 10/14/2006 1623,29 11/27/2006 1623,82 
7/19/2006 1624.77 9/1/2006 1622.63 10/15/2006 1623.27 11/28/2006 1623.83 
7/20/2006 1624.68 9/2/2006 1622.60 10/16/2006 1623.24 11/29/2006 1623.84 
7/21/2006 1624.60 9/3/2006 1622.58 10/17/2006 1623.23 11/30/2006 1623.84 
7/22/2006 1624.52 9/4/2006 1622.55 10/18/2006 1623.24 12/1/2006 1623.84 
7/23/2006 1624.45 9/5/2006 1622.52 10/19/2006 1623.25 12/2/2006 1623.84 
7/24/2006 1624.37 9/6/2006 1622.49 10/20/2006 1623.26 12/3/2006 1623.85 
7/25/2006 1624.30 9/7/2006 1622.47 10/21/2006 1623.29 12/4/2006 1623.85 
7/26/2006 1624.23 9/8/2006 1622.45 10/22/2006 1623,32 12/5/2006 1623,85 
7/27/2006 1624.16 9/9/2006 1622.42 10/23/2006 1623.35 12/6/2006 1623.86 
7/28/2006 1624.09 9/10/2006 1622.46 10/24/2006 1623.37 12/7/2006 1623,87 
7/29/2006 1624.02 9/11/2006 1622.55 10/25/2006 1623.39 12/8/2006 1623.88 
7/30/2006 1623.95 9/12/2006 1622.66 10/26/2006 1623.41 12/9/2006 1623,88 
7/31/2006 1623.86 9/13/2006 1622.71 10/27/2006 1623,43 12/10/2006 1623.89 
8/1/2006 1623.76 9/14/2006 1622.72 10/28/2006 1623.46 12/11/2006 1623,91 
8/2/2006 1623.69 9/15/2006 1622.73 10/29/2006 1623.48 12/12/2006 1623,93 
8/3/2006 1623.65 9/16/2006 1622.82 10/30/2006 1623.50 12/13/2006 1623.95 
8/4/2006 1623.64 9/17/2006 1622,93 10/31/2006 1623.51 12/14/2006 1623,97 
8/5/2006 1623.59 9/18/2006 1623.04 11/1/2006 1623.53 12/15/2006 1623.98 
8/6/2006 1623.53 9/19/2006 1623.05 11/2/2006 1623.53 12/16/2006 1624,00 
8/7/2006 1623.45 9/20/2006 1623.03 11/3/2006 1623.54 12/17/2006 1624.02 
8/8/2006 1623.39 9/21/2006 1623.02 11/4/2006 1623.55 12/18/2006 1624.03 









12/19/2006 1624 05 
12/20/2006 1624 08 
12/21/2006 1624 16 
12/22/2006 1624 27 
12/23/2006 1624 37 
12/24/2006 1624 45 
12/25/2006 1624 52 
12/26/2006 1624 57 
12/27/2006 1624 62 
12/28/2006 1624 67 
12/29/2006 1624 71 
12/30/2006 1624 79 
12/31/2006 1624 90 
2007 Willow Creek Reservoir Pool E evations 
Date Elevation Date Elevation Date Elevation Date Elevation 
(ft.) (ft.) (ft.) (ft.) 
1/1/2007 1625.03 2/14/2007 1625.82 3/30/2007 1626.42 5/13/2007 1626.66 
1/2/2007 1625.12 2/15/2007 1625.82 3/31/2007 1626.52 5/14/2007 1626.55 
1/3/2007 1625.19 2/16/2007 1625.82 4/1/2007 1626.72 5/15/2007 1626.44 
1/4/2007 1625.26 2/17/2007 1625.81 4/2/2007 1626.94 5/16/2007 1626.34 
1/5/2007 1625.33 2/18/2007 1625.79 4/3/2007 1627.14 5/17/2007 1626.26 
1/6/2007 1625.40 2/19/2007 1625.78 4/4/2007 1627.24 5/18/2007 1626.19 
1/7/2007 1625.48 2/20/2007 1625.78 4/5/2007 1627.26 5/19/2007 1626.13 
1/8/2007 1625.56 2/21/2007 1625.82 4/6/2007 1627.18 5/20/2007 1626.07 
1/9/2007 1625.62 2/22/2007 1625.91 4/7/2007 1627.04 5/21/2007 1626.02 
1/10/2007 1625.67 2/23/2007 1626.04 4/8/2007 1626.88 5/22/2007 1625.98 
1/11/2007 1625.70 2/24/2007 1626.19 4/9/2007 1626.74 5/23/2007 1625.98 
1/12/2007 1625.72 2/25/2007 1626.31 4/10/2007 1626.63 5/24/2007 1625.99 
1/13/2007 1625.73 2/26/2007 1626.38 4/11/2007 1626.56 5/25/2007 1626.00 
1/14/2007 1625.75 2/27/2007 1626.37 4/12/2007 1626.52 5/26/2007 1625.98 
1/15/2007 1625.78 2/28/2007 1626.33 4/13/2007 1626.49 5/27/2007 1625.96 
1/16/2007 1625.80 3/1/2007 1626.29 4/14/2007 1626.47 5/28/2007 1625.93 
1/17/2007 1625.81 3/2/2007 1626.26 4/15/2007 1626.46 5/29/2007 1625.94 
1/18/2007 1625.81 3/3/2007 1626.22 4/16/2007 1626.43 5/30/2007 1626.18 
1/19/2007 1625.81 3/4/2007 1626.15 4/17/2007 1626.39 5/31/2007 1626.55 
1/20/2007 1625.81 3/5/2007 1626.08 4/18/2007 1626.34 6/1/2007 1626.88 
1/21/2007 1625.82 3/6/2007 1626.04 4/19/2007 1626.29 6/2/2007 1626.97 
1/22/2007 1625.84 3/7/2007 1626.03 4/20/2007 1626.26 6/3/2007 1626.91 
1/23/2007 1625.85 3/8/2007 1626.05 4/21/2007 1626.23 6/4/2007 1626.88 
1/24/2007 1625.85 3/9/2007 1626.09 4/22/2007 1626.21 6/5/2007 1626.87 
1/25/2007 1625.86 3/10/2007 1626.15 4/23/2007 1626.21 6/6/2007 1626.84 
1/26/2007 1625.86 3/11/2007 1626.24 4/24/2007 1626.27 6/7/2007 1626.78 
1/27/2007 1625.87 3/12/2007 1626.35 4/25/2007 1626.52 6/8/2007 1626.64 
1/28/2007 1625.88 3/13/2007 1626.45 4/26/2007 1626.95 6/9/2007 1626.50 
1/29/2007 1625.88 3/14/2007 1626.51 4/27/2007 1627.50 6/10/2007 1626.38 
1/30/2007 1625.87 3/15/2007 1626.53 4/28/2007 1627.88 6/11/2007 1626.29 
1/31/2007 1625.86 3/16/2007 1626.50 4/29/2007 1628.00 6/12/2007 1626.21 
2/1/2007 1625.86 3/17/2007 1626.46 4/30/2007 1627.86 6/13/2007 1626.16 
2/2/2007 1625.85 3/18/2007 1626.41 5/1/2007 1627.60 6/14/2007 1626.14 
2/3/2007 1625.85 3/19/2007 1626.37 5/2/2007 1627.32 6/15/2007 1626.14 
2/4/2007 1625.84 3/20/2007 1626.33 5/3/2007 1627.06 6/16/2007 1626.14 
2/5/2007 1625.83 3/21/2007 1626.29 5/4/2007 1626.85 6/17/2007 1626.13 
2/6/2007 1625.82 3/22/2007 1626.25 5/5/2007 1626.71 6/18/2007 1626.11 
2/7/2007 1625.81 3/23/2007 1626.21 5/6/2007 1626.64 6/19/2007 1626.08 
2/8/2007 1625.81 3/24/2007 1626.19 5/7/2007 1626.63 6/20/2007 1626.05 
2/9/2007 1625.81 3/25/2007 1626.20 5/8/2007 1626.68 6/21/2007 1626.02 
2/10/2007 1625.81 3/26/2007 1626.25 5/9/2007 1626.75 6/22/2007 1625.99 
2/11/2007 1625.81 3/27/2007 1626.32 5/10/2007 1626.81 6/23/2007 1625.96 
2/12/2007 1625.81 3/28/2007 1626.36 5/11/2007 1626.82 6/24/2007 1625.93 
2/13/2007 1625.82 3/29/2007 1626.39 5/12/2007 1626.76 6/25/2007 1625.90 









6/26/2007 1625.87 8/9/2007 1624.58 9/22/2007 1625.73 11/5/2007 1626.19 
6/27/2007 1625.83 8/10/2007 1624.66 9/23/2007 1625.71 11/6/2007 1626.15 
6/28/2007 1625.79 8/11/2007 1624.73 9/24/2007 1625.70 11/7/2007 1626.12 
6/29/2007 1625.75 8/12/2007 1624.77 9/25/2007 1625.69 11/8/2007 1626.10 
6/30/2007 1625.71 8/13/2007 1624.87 9/26/2007 1625.69 11/9/2007 1626.08 
7/1/2007 1625.68 8/14/2007 1624.98 9/27/2007 1625.68 11/10/2007 1626.07 
7/2/2007 1625.65 8/15/2007 1625.08 9/28/2007 1625.67 11/11/2007 1626.06 
7/3/2007 1625.62 8/16/2007 1625.11 9/29/2007 1625,68 11/12/2007 1626.05 
7/4/2007 1625.59 8/17/2007 1625.12 9/30/2007 1625.71 11/13/2007 1626.04 
7/5/2007 1625.57 8/18/2007 1625.11 10/1/2007 1625.75 11/14/2007 1626.03 
7/6/2007 1625.54 8/19/2007 1625.11 10/2/2007 1625.78 11/15/2007 1626.02 
7/7/2007 1625.52 8/20/2007 1625.11 10/3/2007 1625.81 11/16/2007 1626.00 
7/8/2007 1625.49 8/21/2007 1625.11 10/4/2007 1625.84 11/17/2007 1625.99 
7/9/2007 1625.45 8/22/2007 1625.13 10/5/2007 1625.86 11/18/2007 1625.98 
7/10/2007 1625.41 8/23/2007 1625,38 10/6/2007 1625.86 11/19/2007 1625.98 
7/11/2007 1625.36 8/24/2007 1625.80 10/7/2007 1625.86 11/20/2007 1625.98 
7/12/2007 1625.31 8/25/2007 1626,23 10/8/2007 1625.87 11/21/2007 1625.98 
7/13/2007 1625.26 8/26/2007 1626,42 10/9/2007 1625.88 11/22/2007 1625,97 
7/14/2007 1625.22 8/27/2007 1626.41 10/10/2007 1625,89 11/23/2007 1625.96 
7/15/2007 1625.17 8/28/2007 1626.35 10/11/2007 1625.88 11/24/2007 1625,96 
7/16/2007 1625.14 8/29/2007 1626.28 10/12/2007 1625.87 11/25/2007 1625.96 
7/17/2007 1625.13 8/30/2007 1626.21 10/13/2007 1625,87 11/26/2007 1625.95 
7/18/2007 1625.12 8/31/2007 1626.14 10/14/2007 1625.90 11/27/2007 1625.95 
7/19/2007 1625.14 9/1/2007 1626,08 10/15/2007 1626,06 11/28/2007 1625.95 
7/20/2007 1625.16 9/2/2007 1626.04 10/16/2007 1626.49 11/29/2007 1625.95 
7/21/2007 1625.18 9/3/2007 1626,01 10/17/2007 1626,96 11/30/2007 1625.94 
7/22/2007 1625.16 9/4/2007 1625,98 10/18/2007 1627.36 12/1/2007 1625.95 
7/23/2007 1625.14 9/5/2007 1625.94 10/19/2007 1627.57 12/2/2007 1625.97 
7/24/2007 1625.12 9/6/2007 1625.90 10/20/2007 1627.76 12/3/2007 1626.00 
7/25/2007 1625.09 9/7/2007 1625.86 10/21/2007 1627.90 12/4/2007 1626.01 
7/26/2007 1625.05 9/8/2007 1625.83 10/22/2007 1627.90 12/5/2007 1626.01 
7/27/2007 1625.00 9/9/2007 1625.80 10/23/2007 1627.77 12/6/2007 1626.03 
7/28/2007 1624.94 9/10/2007 1625.79 10/24/2007 1627.55 12/7/2007 1626.04 
7/29/2007 1624.89 9/11/2007 1625.80 10/25/2007 1627,31 12/8/2007 1626.06 
7/30/2007 1624.84 9/12/2007 1625.82 10/26/2007 1627.09 12/9/2007 1626.06 
7/31/2007 1624.79 9/13/2007 1625.81 10/27/2007 1626,91 12/10/2007 1626.06 
8/1/2007 1624.74 9/14/2007 1625.79 10/28/2007 1626.76 12/11/2007 1626,06 
8/2/2007 1624.69 9/15/2007 1625.76 10/29/2007 1626.64 12/12/2007 1626.07 
8/3/2007 1624.64 9/16/2007 1625.74 10/30/2007 1626.54 12/13/2007 1626.07 
8/4/2007 1624.59 9/17/2007 1625.73 10/31/2007 1626.45 12/14/2007 1626.07 
8/5/2007 1624.55 9/18/2007 1625.73 11/1/2007 1626.38 12/15/2007 1626.07 
8/6/2007 1624,52 9/19/2007 1625.74 11/2/2007 1626.32 12/16/2007 1626.07 
8/7/2007 1624.50 9/20/2007 1625,74 11/3/2007 1626.27 12/17/2007 1626.07 
8/8/2007 1624.51 9/21/2007 1625.74 11/4/2007 1626.22 12/18/2007 1626.07 







Date Elevation (ft.) 
12/19/2007 1626 07 
12/20/2007 1626 07 
12/21/2007 1626 07 
12/22/2007 1626 07 
12/23/2007 1626 06 
12/24/2007 1626 05 
12/25/2007 1626 04 
12/26/2007 1626 05 
12/27/2007 1626 06 
12/28/2007 1626 07 
12/29/2007 1626 07 
12/30/2007 1626 07 
12/31/2007 1626 07 









1/1/2008 1626.07 2/14/2008 1625.88 3/29/2008 1626.55 5/12/2008 1626.68 
1/2/2008 1626.05 2/15/2008 1625.87 3/30/2008 1626.56 5/13/2008 1626.69 
1/3/2008 1626.04 2/16/2008 1625.87 3/31/2008 1626.59 5/14/2008 1626.66 
1/4/2008 1626.02 2/17/2008 1625.87 4/1/2008 1626.63 5/15/2008 1626.60 
1/5/2008 1626.02 2/18/2008 1625.87 4/2/2008 1626.68 5/16/2008 1626.55 
1/6/2008 1626.02 2/19/2008 1625.87 4/3/2008 1626.75 5/17/2008 1626.49 
1/7/2008 1626.02 2/20/2008 1625.87 4/4/2008 1626.82 5/18/2008 1626.43 
1/8/2008 1626.04 2/21/2008 1625.86 4/5/2008 1626.85 5/19/2008 1626.37 
1/9/2008 1626.05 2/22/2008 1625.85 4/6/2008 1626.82 5/20/2008 1626.30 
1/10/2008 1626.06 2/23/2008 1625.84 4/7/2008 1626.73 5/21/2008 1626.25 
1/11/2008 1626.08 2/24/2008 1625.85 4/8/2008 1626.61 5/22/2008 1626.19 
1/12/2008 1626.09 2/25/2008 1625.87 4/9/2008 1626.51 5/23/2008 1626.18 
1/13/2008 1626.09 2/26/2008 1625.92 4/10/2008 1626.45 5/24/2008 1626.28 
1/14/2008 1626.09 2/27/2008 1625.96 4/11/2008 1626.47 5/25/2008 1626.50 
1/15/2008 1626.09 2/28/2008 1626.00 4/12/2008 1626.55 5/26/2008 1626.76 
1/16/2008 1626.08 2/29/2008 1626.06 4/13/2008 1626.68 5/27/2008 1627.01 
1/17/2008 1626.07 3/1/2008 1626.23 4/14/2008 1626.79 5/28/2008 1627.29 
1/18/2008 1626.06 3/2/2008 1626.50 4/15/2008 1626.87 5/29/2008 1627.62 
1/19/2008 1626.04 3/3/2008 1626.80 4/16/2008 1626.90 5/30/2008 1627.90 
1/20/2008 1626.03 3/4/2008 1627.03 4/17/2008 1626.85 5/31/2008 1628.02 
1/21/2008 1626.02 3/5/2008 1627.12 4/18/2008 1626.77 6/1/2008 1628.02 
1/22/2008 1626.02 3/6/2008 1627.10 4/19/2008 1626.69 6/2/2008 1627.93 
1/23/2008 1626.01 3/7/2008 1626.98 4/20/2008 1626.62 6/3/2008 1627.82 
1/24/2008 1625.99 3/8/2008 1626.84 4/21/2008 1626.55 6/4/2008 1627.68 
1/25/2008 1625.98 3/9/2008 1626.72 4/22/2008 1626.47 6/5/2008 1627.54 
1/26/2008 1625.97 3/10/2008 1626.62 4/23/2008 1626.41 6/6/2008 1627.46 
1/27/2008 1625.96 3/11/2008 1626.54 4/24/2008 1626.35 6/7/2008 1627.41 
1/28/2008 1625.96 3/12/2008 1626.48 4/25/2008 1626.33 6/8/2008 1627.48 
1/29/2008 1625.96 3/13/2008 1626.46 4/26/2008 1626.34 6/9/2008 1627.59 
1/30/2008 1625.95 3/14/2008 1626.47 4/27/2008 1626.38 6/10/2008 1627.69 
1/31/2008 1625.94 3/15/2008 1626.51 4/28/2008 1626.42 6/11/2008 1627.66 
2/1/2008 1625.92 3/16/2008 1626.54 4/29/2008 1626.45 6/12/2008 1627.50 
2/2/2008 1625.91 3/17/2008 1626.55 4/30/2008 1626.46 6/13/2008 1627.30 
2/3/2008 1625.90 3/18/2008 1626.56 5/1/2008 1626.44 6/14/2008 1627.10 
2/4/2008 1625.90 3/19/2008 1626.57 5/2/2008 1626.42 6/15/2008 1626.91 
2/5/2008 1625.90 3/20/2008 1626.58 5/3/2008 1626.44 6/16/2008 1626.76 
2/6/2008 1625.91 3/21/2008 1626.59 5/4/2008 1626.51 6/17/2008 1626.63 
2/7/2008 1625.90 3/22/2008 1626.60 5/5/2008 1626.62 6/18/2008 1626.52 
2/8/2008 1625.90 3/23/2008 1626.60 5/6/2008 1626.72 6/19/2008 1626.46 
2/9/2008 1625.89 3/24/2008 1626.59 5/7/2008 1626.78 6/20/2008 1626.51 
2/10/2008 1625.89 3/25/2008 1626.58 5/8/2008 1626.78 6/21/2008 1626.56 
2/11/2008 1625.89 3/26/2008 1626.56 5/9/2008 1626.73 6/22/2008 1626.60 
2/12/2008 1625.88 3/27/2008 1626.55 5/10/2008 1626.68 6/23/2008 1626.54 
2/13/2008 1625.88 3/28/2008 1626.55 5/11/2008 1626.67 6/24/2008 1626.47 









6/25/2008 1626.41 8/8/2008 1625.27 9/21/2008 1624.53 11/4/2008 1626.40 
6/26/2008 1626.35 8/9/2008 1625.23 9/22/2008 1624.59 11/5/2008 1626.36 
6/27/2008 1626.30 8/10/2008 1625.18 9/23/2008 1624.69 11/6/2008 1626.33 
6/28/2008 1626.25 8/11/2008 1625.14 9/24/2008 1624.81 11/7/2008 1626,30 
6/29/2008 1626.19 8/12/2008 1625.16 9/25/2008 1624.87 11/8/2008 1626.26 
6/30/2008 1626.14 8/13/2008 1625.20 9/26/2008 1624.90 11/9/2008 1626.21 
7/1/2008 1626.09 8/14/2008 1625.25 9/27/2008 1624.92 11/10/2008 1626.18 
7/2/2008 1626.06 8/15/2008 1625.25 9/28/2008 1624.93 11/11/2008 1626.18 
7/3/2008 1626.04 8/16/2008 1625.23 9/29/2008 1624.95 11/12/2008 1626.20 
7/4/2008 1626.01 8/17/2008 1625.22 9/30/2008 1624.97 11/13/2008 1626.23 
7/5/2008 1625.99 8/18/2008 1625.20 10/1/2008 1624.98 11/14/2008 1626.25 
7/6/2008 1625.96 8/19/2008 1625.18 10/2/2008 1624.99 11/15/2008 1626.26 
7/7/2008 1625.96 8/20/2008 1625.15 10/3/2008 1625.00 11/16/2008 1626.27 
7/8/2008 1625.99 8/21/2008 1625.11 10/4/2008 1625.01 11/17/2008 1626.27 
7/9/2008 1626.02 8/22/2008 1625.07 10/5/2008 1625.01 11/18/2008 1626.27 
7/10/2008 1626.03 8/23/2008 1625.02 10/6/2008 1625.03 11/19/2008 1626.26 
7/11/2008 1626.01 8/24/2008 1624.98 10/7/2008 1625.13 11/20/2008 1626.25 
7/12/2008 1625.99 8/25/2008 1624.94 10/8/2008 1625.29 11/21/2008 1626.24 
7/13/2008 1625.96 8/26/2008 1624.90 10/9/2008 1625.44 11/22/2008 1626.23 
7/14/2008 1625.92 8/27/2008 1624.87 10/10/2008 1625.53 11/23/2008 1626.22 
7/15/2008 1625.89 8/28/2008 1624.83 10/11/2008 1625.57 11/24/2008 1626.21 
7/16/2008 1625.86 8/29/2008 1624.79 10/12/2008 1625.60 11/25/2008 1626.21 
7/17/2008 1625.83 8/30/2008 1624.74 10/13/2008 1625.66 11/26/2008 1626.20 
7/18/2008 1625.80 8/31/2008 1624.69 10/14/2008 1625.72 11/27/2008 1626.20 
7/19/2008 1625.78 9/1/2008 1624.64 10/15/2008 1625.79 11/28/2008 1626.19 
7/20/2008 1625.76 9/2/2008 1624.60 10/16/2008 1625.83 11/29/2008 1626.19 
7/21/2008 1625.75 9/3/2008 1624.57 10/17/2008 1625.86 11/30/2008 1626.19 
7/22/2008 1625.74 9/4/2008 1624.54 10/18/2008 1625.88 12/1/2008 1626.19 
7/23/2008 1625.72 9/5/2008 1624.51 10/19/2008 1625.90 12/2/2008 1626,19 
7/24/2008 1625.69 9/6/2008 1624.49 10/20/2008 1625.91 12/3/2008 1626.19 
7/25/2008 1625.67 9/7/2008 1624.48 10/21/2008 1625,92 12/4/2008 1626,18 
7/26/2008 1625.66 9/8/2008 1624.48 10/22/2008 1625.97 12/5/2008 1626.17 
7/27/2008 1625.64 9/9/2008 1624.48 10/23/2008 1626.16 12/6/2008 1626.16 
7/28/2008 1625.63 9/10/2008 1624.49 10/24/2008 1626.43 12/7/2008 1626.15 
7/29/2008 1625.61 9/11/2008 1624.50 10/25/2008 1626.70 12/8/2008 1626,15 
7/30/2008 1625.59 9/12/2008 1624,51 10/26/2008 1626.84 12/9/2008 1626.16 
7/31/2008 1625.56 9/13/2008 1624.54 10/27/2008 1626.90 12/10/2008 1626.17 
8/1/2008 1625.53 9/14/2008 1624.55 10/28/2008 1626.88 12/11/2008 1626.17 
8/2/2008 1625.49 9/15/2008 1624,55 10/29/2008 1626.81 12/12/2008 1626,16 
8/3/2008 1625.45 9/16/2008 1624.55 10/30/2008 1626.73 12/13/2008 1626.17 
8/4/2008 1625.42 9/17/2008 1624,54 10/31/2008 1626.64 12/14/2008 1626,18 
8/5/2008 1625.38 9/18/2008 1624.54 11/1/2008 1626.57 12/15/2008 1626.18 
8/6/2008 1625.35 9/19/2008 1624.54 11/2/2008 1626.50 12/16/2008 1626.18 
8/7/2008 1625.31 9/20/2008 1624.53 11/3/2008 1626.45 12/17/2008 1626.16 









12/18/2008 1626 16 
12/19/2008 1626 17 
12/20/2008 1626 17 
12/21/2008 1626 16 
12/22/2008 1626 13 
12/23/2008 1626 09 
12/24/2008 1626 05 
12/25/2008 1626 03 
12/26/2008 1626 03 
12/27/2008 1626 03 
12/28/2008 1626 04 
12/29/2008 1626 04 
12/30/2008 1626 05 
12/31/2008 1626 05 







Date Elevation _ (ft.) 
1/1/2009 1626.05 2/14/2009 1626.75 3/30/2009 1626.46 5/13/2009 1625 95 
1/2/2009 1626.05 2/15/2009 1626.70 3/31/2009 1626.44 5/14/2009 1625 94 
1/3/2009 1626.05 2/16/2009 1626.62 4/1/2009 1626.42 5/15/2009 1625 93 
1/4/2009 1626.05 2/17/2009 1626.55 4/2/2009 1626.40 5/16/2009 1625 92 
1/5/2009 1626.04 2/18/2009 1626.50 4/3/2009 1626.37 5/17/2009 1625 91 
1/6/2009 1626.03 2/19/2009 1626.44 4/4/2009 1626.35 5/18/2009 1625 89 
1/7/2009 1626.00 2/20/2009 1626.40 4/5/2009 1626.35 5/19/2009 1625 87 
1/8/2009 1625.98 2/21/2009 1626.35 4/6/2009 1626.35 5/20/2009 1625 85 
1/9/2009 1625.97 2/22/2009 1626.31 4/7/2009 1626.36 5/21/2009 1625 83 
1/10/2009 1625.97 2/23/2009 1626.27 4/8/2009 1626.37 5/22/2009 1625 80 
1/11/2009 1625.98 2/24/2009 1626.24 4/9/2009 1626.40 5/23/2009 1625 79 
1/12/2009 1625.98 2/25/2009 1626.23 4/10/2009 1626.47 5/24/2009 1625 79 
1/13/2009 1625.97 2/26/2009 1626.22 4/11/2009 1626.55 5/25/2009 1625 79 
1/14/2009 1625.96 2/27/2009 1626.21 4/12/2009 1626.61 5/26/2009 1625 79 
1/15/2009 1625.95 2/28/2009 1626.19 4/13/2009 1626.62 5/27/2009 1625 80 
1/16/2009 1625.95 3/1/2009 1626.17 4/14/2009 1626.58 5/28/2009 1625 81 
1/17/2009 1625.94 3/2/2009 1626.16 4/15/2009 1626.53 5/29/2009 1625 81 
1/18/2009 1625.94 3/3/2009 1626.15 4/16/2009 1626.47 5/30/2009 1625 80 
1/19/2009 1625.93 3/4/2009 1626.14 4/17/2009 1626.41 5/31/2009 1625 78 
1/20/2009 1625.93 3/5/2009 1626.15 4/18/2009 1626.36 6/1/2009 1625 76 
1/21/2009 1625.93 3/6/2009 1626.18 4/19/2009 1626.33 6/2/2009 1625 73 
1/22/2009 1625.93 3/7/2009 1626.23 4/20/2009 1626.30 6/3/2009 1625 71 
1/23/2009 1625.94 3/8/2009 1626.29 4/21/2009 1626.28 6/4/2009 1625 69 
1/24/2009 1625.95 3/9/2009 1626.33 4/22/2009 1626.25 6/5/2009 1625 68 
1/25/2009 1625.96 3/10/2009 1626.36 4/23/2009 1626.22 6/6/2009 1625 68 
1/26/2009 1625.96 3/11/2009 1626.35 4/24/2009 1626.19 6/7/2009 1625 70 
1/27/2009 1625.96 3/12/2009 1626.33 4/25/2009 1626.15 6/8/2009 1625 72 
1/28/2009 1625.95 3/13/2009 1626.30 4/26/2009 1626.12 6/9/2009 1625 73 
1/29/2009 1625.94 3/14/2009 1626.29 4/27/2009 1626.11 6/10/2009 1625 75 
1/30/2009 1625.94 3/15/2009 1626.29 4/28/2009 1626.11 6/11/2009 1625 75 
1/31/2009 1625.93 3/16/2009 1626.29 4/29/2009 1626.11 6/12/2009 1625 79 
2/1/2009 1625.94 3/17/2009 1626.30 4/30/2009 1626.12 6/13/2009 1625 85 
2/2/2009 1625.95 3/18/2009 1626.30 5/1/2009 1626.14 6/14/2009 1625 92 
2/3/2009 1625.97 3/19/2009 1626.30 5/2/2009 1626.14 6/15/2009 1625 98 
2/4/2009 1625.98 3/20/2009 1626.30 5/3/2009 1626.13 6/16/2009 1626 03 
2/5/2009 1625.98 3/21/2009 1626.30 5/4/2009 1626.12 6/17/2009 1626 08 
2/6/2009 1625.98 3/22/2009 1626.29 5/5/2009 1626.11 6/18/2009 1626 12 
2/7/2009 1625.99 3/23/2009 1626.31 5/6/2009 1626.09 6/19/2009 1626 16 
2/8/2009 1626.03 3/24/2009 1626.35 5/7/2009 1626.08 6/20/2009 1626 19 
2/9/2009 1626.11 3/25/2009 1626.40 5/8/2009 1626.06 6/21/2009 1626 21 
2/10/2009 1626.28 3/26/2009 1626.45 5/9/2009 1626.04 6/22/2009 1626 22 
2/11/2009 1626.49 3/27/2009 1626.48 5/10/2009 1626.01 6/23/2009 1626 23 
2/12/2009 1626.68 3/28/2009 1626.49 5/11/2009 1625.98 6/24/2009 1626 22 
2/13/2009 1626.76 3/29/2009 1626.48 5/12/2009 1625.96 6/25/2009 1626 19 
2009 Willow Creek Reservoir Pool Elevations 
Date Elevation 
(ft.) 





6/26/2009 1626.16 8/9/2009 1624.15 9/22/2009 1625.56 11/5/2009 1626.43 
6/27/2009 1626.12 8/10/2009 1624.02 9/23/2009 1625.55 11/6/2009 1626.39 
6/28/2009 1626.07 8/11/2009 1624.05 9/24/2009 1625.54 11/7/2009 1626.34 
6/29/2009 1626.01 8/12/2009 1624.14 9/25/2009 1625.54 11/8/2009 1626,30 
6/30/2009 1625.96 8/13/2009 1624.30 9/26/2009 1625.54 11/9/2009 1626.25 
7/1/2009 1625.91 8/14/2009 1624.42 9/27/2009 1625.54 11/10/2009 1626.21 
7/2/2009 1625.85 8/15/2009 1624.58 9/28/2009 1625.53 11/11/2009 1626.18 
7/3/2009 1625.81 8/16/2009 1624.69 9/29/2009 1625.51 11/12/2009 1626.15 
7/4/2009 1625.77 8/17/2009 1624.71 9/30/2009 1625.48 11/13/2009 1626.13 
7/5/2009 1625.74 8/18/2009 1624,76 10/1/2009 1625.49 11/14/2009 1626.11 
7/6/2009 1625.72 8/19/2009 1624.87 10/2/2009 1625.50 11/15/2009 1626.08 
7/7/2009 1625.69 8/20/2009 1625.07 10/3/2009 1625.52 11/16/2009 1626.06 
7/8/2009 1625.66 8/21/2009 1625.25 10/4/2009 1625.52 11/17/2009 1626.04 
7/9/2009 1625.63 8/22/2009 1625.40 10/5/2009 1625.52 11/18/2009 1626.02 
7/10/2009 1625.60 8/23/2009 1625.54 10/6/2009 1625.53 11/19/2009 1626.01 
7/11/2009 1625.58 8/24/2009 1625.69 10/7/2009 1625.48 11/20/2009 1626.00 
7/12/2009 1625.56 8/25/2009 1625.83 10/8/2009 1625.13 11/21/2009 1625.99 
7/13/2009 1625.53 8/26/2009 1625.92 10/9/2009 1624,76 11/22/2009 1625.98 
7/14/2009 1625.50 8/27/2009 1625.94 10/10/2009 1624.51 11/23/2009 1625.97 
7/15/2009 1625.47 8/28/2009 1625.91 10/11/2009 1624.58 11/24/2009 1625.92 
7/16/2009 1625.45 8/29/2009 1625.87 10/12/2009 1624.68 11/25/2009 1625.83 
7/17/2009 1625.44 8/30/2009 1625.83 10/13/2009 1624.79 11/26/2009 1625.70 
7/18/2009 1625.42 8/31/2009 1625.80 10/14/2009 1624.90 11/27/2009 1625.55 
7/19/2009 1625.38 9/1/2009 1625.78 10/15/2009 1625.02 11/28/2009 1625.41 
7/20/2009 1625.35 9/2/2009 1625.77 10/16/2009 1625.14 11/29/2009 1625.30 
7/21/2009 1625.31 9/3/2009 1625.79 10/17/2009 1625.26 11/30/2009 1625.23 
7/22/2009 1625.28 9/4/2009 1625.81 10/18/2009 1625.37 12/1/2009 1625.22 
7/23/2009 1625.24 9/5/2009 1625.82 10/19/2009 1625.48 12/2/2009 1625,23 
7/24/2009 1625.20 9/6/2009 1625.79 10/20/2009 1625.56 12/3/2009 1625.26 
7/25/2009 1625.15 9/7/2009 1625.76 10/21/2009 1625.61 12/4/2009 1625,29 
7/26/2009 1625.10 9/8/2009 1625.73 10/22/2009 1625.67 12/5/2009 1625.32 
7/27/2009 1625.06 9/9/2009 1625.70 10/23/2009 1625.79 12/6/2009 1625,35 
7/28/2009 1625.01 9/10/2009 1625.67 10/24/2009 1625,92 12/7/2009 1625,39 
7/29/2009 1624.97 9/11/2009 1625.65 10/25/2009 1626.06 12/8/2009 1625.43 
7/30/2009 1624.93 9/12/2009 1625.64 10/26/2009 1626.16 12/9/2009 1625.47 
7/31/2009 1624.89 9/13/2009 1625.64 10/27/2009 1626.22 12/10/2009 1625.49 
8/1/2009 1624.85 9/14/2009 1625.63 10/28/2009 1626.26 12/11/2009 1625.50 
8/2/2009 1624.81 9/15/2009 1625.61 10/29/2009 1626.27 12/12/2009 1625.50 
8/3/2009 1624.75 9/16/2009 1625.60 10/30/2009 1626.30 12/13/2009 1625.52 
8/4/2009 1624.70 9/17/2009 1625.60 10/31/2009 1626.35 12/14/2009 1625.54 
8/5/2009 1624,64 9/18/2009 1625.59 11/1/2009 1626.41 12/15/2009 1625.58 
8/6/2009 1624.56 9/19/2009 1625.59 11/2/2009 1626.45 12/16/2009 1625.61 
8/7/2009 1624.45 9/20/2009 1625.58 11/3/2009 1626.46 12/17/2009 1625.63 
8/8/2009 1624.30 9/21/2009 1625.57 11/4/2009 1626.46 12/18/2009 1625.66 





















2010 Willow Creek Reservoir Pool Elevations 
Date Elevation Date Elevation Date Elevation Date Elevation 
(ft.) (ft.) (ft.) (ft.) 
1/1/2010 1625.74 2/14/2010 1625.99 3/30/2010 1626.58 5/13/2010 1626.15 
1/2/2010 1625.74 2/15/2010 1625.99 3/31/2010 1626.52 5/14/2010 1626.17 
1/3/2010 1625.75 2/16/2010 1625.97 4/1/2010 1626.47 5/15/2010 1626.17 
1/4/2010 1625.76 2/17/2010 1625.94 4/2/2010 1626.43 5/16/2010 1626.16 
1/5/2010 1625.78 2/18/2010 1625.91 4/3/2010 1626.38 5/17/2010 1626.15 
1/6/2010 1625.79 2/19/2010 1625.89 4/4/2010 1626.34 5/18/2010 1626.14 
1/7/2010 1625.81 2/20/2010 1625.88 4/5/2010 1626.29 5/19/2010 1626.12 
1/8/2010 1625.81 2/21/2010 1625.88 4/6/2010 1626.25 5/20/2010 1626.09 
1/9/2010 1625.81 2/22/2010 1625.89 4/7/2010 1626.23 5/21/2010 1626.07 
1/10/2010 1625.80 2/23/2010 1625.90 4/8/2010 1626.22 5/22/2010 1626.06 
1/11/2010 1625.79 2/24/2010 1625.90 4/9/2010 1626.21 5/23/2010 1626.05 
1/12/2010 1625.78 2/25/2010 1625.90 4/10/2010 1626.19 5/24/2010 1626.03 
1/13/2010 1625.78 2/26/2010 1625.90 4/11/2010 1626.16 5/25/2010 1626.03 
1/14/2010 1625.78 2/27/2010 1625.90 4/12/2010 1626.14 5/26/2010 1626.02 
1/15/2010 1625.78 2/28/2010 1625.90 4/13/2010 1626.12 5/27/2010 1626.01 
1/16/2010 1625.78 3/1/2010 1625.90 4/14/2010 1626.10 5/28/2010 1625.98 
1/17/2010 1625.79 3/2/2010 1625.90 4/15/2010 1626.09 5/29/2010 1625.95 
1/18/2010 1625.80 3/3/2010 1625.90 4/16/2010 1626.10 5/30/2010 1625.95 
1/19/2010 1625.81 3/4/2010 1625.90 4/17/2010 1626.12 5/31/2010 1625.99 
1/20/2010 1625.83 3/5/2010 1625.91 4/18/2010 1626.14 6/1/2010 1626.05 
1/21/2010 1625.85 3/6/2010 1625.94 4/19/2010 1626.14 6/2/2010 1626.11 
1/22/2010 1625.87 3/7/2010 1626.00 4/20/2010 1626.13 6/3/2010 1626.15 
1/23/2010 1625.89 3/8/2010 1626.11 4/21/2010 1626.11 6/4/2010 1626.18 
1/24/2010 1625.91 3/9/2010 1626.35 4/22/2010 1626.10 6/5/2010 1626.19 
1/25/2010 1625.94 3/10/2010 1626.76 4/23/2010 1626.09 6/6/2010 1626.19 
1/26/2010 1625.96 3/11/2010 1627.25 4/24/2010 1626.15 6/7/2010 1626.18 
1/27/2010 1625.97 3/12/2010 1627.65 4/25/2010 1626.41 6/8/2010 1626.17 
1/28/2010 1625.97 3/13/2010 1627.85 4/26/2010 1626.68 6/9/2010 1626.17 
1/29/2010 1625.97 3/14/2010 1627.90 4/27/2010 1626.86 6/10/2010 1626.23 
1/30/2010 1625.98 3/15/2010 1627.90 4/28/2010 1626.80 6/11/2010 1626.56 
1/31/2010 1625.99 3/16/2010 1627.88 4/29/2010 1626.71 6/12/2010 1627.24 
2/1/2010 1625.99 3/17/2010 1627.84 4/30/2010 1626.64 6/13/2010 1628.08 
2/2/2010 1626.00 3/18/2010 1627.75 5/1/2010 1626.57 6/14/2010 1628.83 
2/3/2010 1626.00 3/19/2010 1627.62 5/2/2010 1626.50 6/15/2010 1629.27 
2/4/2010 1626.00 3/20/2010 1627.48 5/3/2010 1626.42 6/16/2010 1629.41 
2/5/2010 1626.00 3/21/2010 1627.34 5/4/2010 1626.35 6/17/2010 1629.23 
2/6/2010 1626.01 3/22/2010 1627.20 5/5/2010 1626.29 6/18/2010 1628.91 
2/7/2010 1626.01 3/23/2010 1627.09 5/6/2010 1626.23 6/19/2010 1628.58 
2/8/2010 1626.01 3/24/2010 1627.00 5/7/2010 1626.19 6/20/2010 1628.28 
2/9/2010 1626.02 3/25/2010 1626.92 5/8/2010 1626.15 6/21/2010 1627.99 
2/10/2010 1626.01 3/26/2010 1626.85 5/9/2010 1626.12 6/22/2010 1627.71 
2/11/2010 1626.00 3/27/2010 1626.77 5/10/2010 1626.08 6/23/2010 1627.46 
2/12/2010 1625.99 3/28/2010 1626.70 5/11/2010 1626.09 6/24/2010 1627.24 
2/13/2010 1625.99 3/29/2010 1626.64 5/12/2010 1626.11 6/25/2010 1627.07 
2010 Willow Creek Reservoir Pool Elevations 
Date Elevation Date Elevation Date Elevation Date Elevation 
(ft.) (ft.) (ft.) (ft.) 
6/26/2010 1626.91 8/9/2010 1626.99 9/22/2010 1626.02 11/5/2010 1626.00 
6/27/2010 1626.78 8/10/2010 1626.88 9/23/2010 1626.04 11/6/2010 1626.00 
6/28/2010 1626.66 8/11/2010 1626.77 9/24/2010 1626,07 11/7/2010 1625.99 
6/29/2010 1626.55 8/12/2010 1626.65 9/25/2010 1626,10 11/8/2010 1626.00 
6/30/2010 1626.45 8/13/2010 1626.53 9/26/2010 1626.11 11/9/2010 1626.00 
7/1/2010 1626.36 8/14/2010 1626.43 9/27/2010 1626,11 11/10/2010 1626,00 
7/2/2010 1626.28 8/15/2010 1626.33 9/28/2010 1626.10 11/11/2010 1626.00 
7/3/2010 1626.21 8/16/2010 1626.25 9/29/2010 1626.08 11/12/2010 1626.01 
7/4/2010 1626.15 8/17/2010 1626.19 9/30/2010 1626.07 11/13/2010 1626.02 
7/5/2010 1626.13 8/18/2010 1626.16 10/1/2010 1626.05 11/14/2010 1626.03 
7/6/2010 1626.16 8/19/2010 1626.14 10/2/2010 1626.03 11/15/2010 1626.04 
7/7/2010 1626.19 8/20/2010 1626.11 10/3/2010 1626.01 11/16/2010 1626.04 
7/8/2010 1626.21 8/21/2010 1626.09 10/4/2010 1625,98 11/17/2010 1626.04 
7/9/2010 1626.18 8/22/2010 1626.06 10/5/2010 1625.96 11/18/2010 1626.04 
7/10/2010 1626.14 8/23/2010 1626.02 10/6/2010 1625.94 11/19/2010 1626.04 
7/11/2010 1626.15 8/24/2010 1625.98 10/7/2010 1625.92 11/20/2010 1626,03 
7/12/2010 1626.30 8/25/2010 1625.95 10/8/2010 1625.91 11/21/2010 1626.03 
7/13/2010 1626.51 8/26/2010 1625.91 10/9/2010 1625.90 11/22/2010 1626.03 
7/14/2010 1626.68 8/27/2010 1625.87 10/10/2010 1625.89 11/23/2010 1626.03 
7/15/2010 1626.70 8/28/2010 1625.83 10/11/2010 1625.89 11/24/2010 1626.03 
7/16/2010 1626.65 8/29/2010 1625.78 10/12/2010 1625,88 11/25/2010 1626.03 
7/17/2010 1626.60 8/30/2010 1625.74 10/13/2010 1625.87 11/26/2010 1626.02 
7/18/2010 1626.54 8/31/2010 1625.71 10/14/2010 1625.86 11/27/2010 1626.01 
7/19/2010 1626.48 9/1/2010 1625.69 10/15/2010 1625.85 11/28/2010 1626.01 
7/20/2010 1626.41 9/2/2010 1625.69 10/16/2010 1625.84 11/29/2010 1626.02 
7/21/2010 1626.34 9/3/2010 1625.69 10/17/2010 1625.83 11/30/2010 1626.03 
7/22/2010 1626.30 9/4/2010 1625,70 10/18/2010 1625.82 12/1/2010 1626.03 
7/23/2010 1626.28 9/5/2010 1625.69 10/19/2010 1625.82 12/2/2010 1626.02 
7/24/2010 1626.28 9/6/2010 1625.68 10/20/2010 1625.82 12/3/2010 1626.01 
7/25/2010 1626.25 9/7/2010 1625.68 10/21/2010 1625.82 12/4/2010 1626.03 
7/26/2010 1626.21 9/8/2010 1625.68 10/22/2010 1625.82 12/5/2010 1626.04 
7/27/2010 1626.16 9/9/2010 1625.67 10/23/2010 1625.82 12/6/2010 1626.04 
7/28/2010 1626.11 9/10/2010 1625,67 10/24/2010 1625.82 12/7/2010 1626.04 
7/29/2010 1626.05 9/11/2010 1625.68 10/25/2010 1625.83 12/8/2010 1626.04 
7/30/2010 1626.00 9/12/2010 1625.68 10/26/2010 1625.87 12/9/2010 1626.03 
7/31/2010 1625.95 9/13/2010 1625.68 10/27/2010 1625.89 12/10/2010 1626.03 
8/1/2010 1625.91 9/14/2010 1625.68 10/28/2010 1625.94 12/11/2010 1626.05 
8/2/2010 1626.17 9/15/2010 1625,69 10/29/2010 1625.96 12/12/2010 1626,04 
8/3/2010 1626.73 9/16/2010 1625.70 10/30/2010 1625.98 12/13/2010 1626.02 
8/4/2010 1627.30 9/17/2010 1625.71 10/31/2010 1625.99 12/14/2010 1625.99 
8/5/2010 1627.52 9/18/2010 1625.76 11/1/2010 1625.99 12/15/2010 1625.97 
8/6/2010 1627.41 9/19/2010 1625.85 11/2/2010 1626.00 12/16/2010 1625.97 
8/7/2010 1627.25 9/20/2010 1625.95 11/3/2010 1626.01 12/17/2010 1625.98 
8/8/2010 1627.11 9/21/2010 1626.00 11/4/2010 1626.01 12/18/2010 1625.99 





Date Elevation (ft.) Date 
Elevation 
(ft.) 
12/19/2010 1626 00 
12/20/2010 1626 00 
12/21/2010 1626 01 
12/22/2010 1626 02 
12/23/2010 1626 02 
12/24/2010 1626 02 
12/25/2010 1626 03 
12/26/2010 1626 03 
12/27/2010 1626 03 
12/28/2010 1626 03 
12/29/2010 1626 02 
12/30/2010 1626 03 
12/31/2010 1626 04 









1/1/2011 1626.06 2/14/2011 1626.02 3/30/2011 1626,56 5/13/2011 1626.20 
1/2/2011 1626.05 2/15/2011 1626.08 3/31/2011 1626.57 5/14/2011 1626.22 
1/3/2011 1626.04 2/16/2011 1626.23 4/1/2011 1626.59 5/15/2011 1626.23 
1/4/2011 1626.03 2/17/2011 1626.52 4/2/2011 1626.61 5/16/2011 1626.23 
1/5/2011 1626.02 2/18/2011 1626.87 4/3/2011 1626,62 5/17/2011 1626.23 
1/6/2011 1626.02 2/19/2011 1627.19 4/4/2011 1626,61 5/18/2011 1626.23 
1/7/2011 1626.02 2/20/2011 1627.36 4/5/2011 1626.58 5/19/2011 1626.21 
1/8/2011 1626.02 2/21/2011 1627.40 4/6/2011 1626.54 5/20/2011 1626.21 
1/9/2011 1626.02 2/22/2011 1627.33 4/7/2011 1626.50 5/21/2011 1626.24 
1/10/2011 1626.03 2/23/2011 1627.21 4/8/2011 1626.46 5/22/2011 1626.31 
1/11/2011 1626.04 2/24/2011 1627.09 4/9/2011 1626.43 5/23/2011 1626,38 
1/12/2011 1626.04 2/25/2011 1626.98 4/10/2011 1626.41 5/24/2011 1626.41 
1/13/2011 1626.03 2/26/2011 1626.87 4/11/2011 1626.39 5/25/2011 1626.48 
1/14/2011 1626.01 2/27/2011 1626.77 4/12/2011 1626.36 5/26/2011 1626.73 
1/15/2011 1626.00 2/28/2011 1626.69 4/13/2011 1626.33 5/27/2011 1627.05 
1/16/2011 1626.00 3/1/2011 1626.63 4/14/2011 1626.30 5/28/2011 1627.31 
1/17/2011 1626.00 3/2/2011 1626.58 4/15/2011 1626.32 5/29/2011 1627.41 
1/18/2011 1626.01 3/3/2011 1626.54 4/16/2011 1626.43 5/30/2011 1627.46 
1/19/2011 1626.01 3/4/2011 1626.51 4/17/2011 1626.63 5/31/2011 1627.51 
1/20/2011 1626.02 3/5/2011 1626.48 4/18/2011 1626.86 6/1/2011 1627.52 
1/21/2011 1626.03 3/6/2011 1626.45 4/19/2011 1627.12 6/2/2011 1627.46 
1/22/2011 1626.03 3/7/2011 1626.43 4/20/2011 1627.35 6/3/2011 1627.32 
1/23/2011 1626.04 3/8/2011 1626.42 4/21/2011 1627.51 6/4/2011 1627.16 
1/24/2011 1626.05 3/9/2011 1626.41 4/22/2011 1627,56 6/5/2011 1627,00 
1/25/2011 1626.05 3/10/2011 1626.39 4/23/2011 1627.51 6/6/2011 1626.85 
1/26/2011 1626.05 3/11/2011 1626.38 4/24/2011 1627.41 6/7/2011 1626.72 
1/27/2011 1626.05 3/12/2011 1626.39 4/25/2011 1627.27 6/8/2011 1626.59 
1/28/2011 1626.05 3/13/2011 1626.41 4/26/2011 1627,14 6/9/2011 1626.48 
1/29/2011 1626.05 3/14/2011 1626.44 4/27/2011 1627.03 6/10/2011 1626.39 
1/30/2011 1626.05 3/15/2011 1626.48 4/28/2011 1626.95 6/11/2011 1626.32 
1/31/2011 1626.06 3/16/2011 1626.51 4/29/2011 1626.88 6/12/2011 1626.27 
2/1/2011 1626.07 3/17/2011 1626.53 4/30/2011 1626.82 6/13/2011 1626,24 
2/2/2011 1626.06 3/18/2011 1626.55 5/1/2011 1626,78 6/14/2011 1626.22 
2/3/2011 1626.05 3/19/2011 1626.56 5/2/2011 1626.73 6/15/2011 1626.20 
2/4/2011 1626.02 3/20/2011 1626.56 5/3/2011 1626.67 6/16/2011 1626.18 
2/5/2011 1626.01 3/21/2011 1626.57 5/4/2011 1626,61 
2/6/2011 1626.00 3/22/2011 1626.57 5/5/2011 1626.55 
2/7/2011 1625.99 3/23/2011 1626.58 5/6/2011 1626.50 
2/8/2011 1625.98 3/24/2011 1626.58 5/7/2011 1626.45 
2/9/2011 1625.98 3/25/2011 1626.58 5/8/2011 1626.41 
2/10/2011 1625.99 3/26/2011 1626.57 5/9/2011 1626.35 
2/11/2011 1625.99 3/27/2011 1626.56 5/10/2011 1626.28 
2/12/2011 1625.99 3/28/2011 1626.56 5/11/2011 1626.22 
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2010 Flow Meter Field Results 
Velocity in Relief Wells 
Well# 1 2 3 4 5 6 7 8 9 10 
Top Elevation 1628.45 1624.27 1619.86 1615.21 1611.35 1611.74 1610.98 1611.01 1610.74 1610.67 










16 0.34 0.34 1̂ 87 3.90 3.35 2.65 4.79 1.56 0.61 
18 2.59 
20 0.31 0.33 1.87 3.76 3.26 2.52 4.78 2.63 1.56 0.64 
24 0.30 0.35 1.96 3.67 3.24 2.61 4.82 2.74 1.53 0.61 
26 4.87 
28 0.30 0.35 1.89 3.77 3.32 2.57 4.50 2.77 1.48 0.59 
30 4.97 
32 0.31 0.32 1.92 3.78 3.26 2.52 4.66 2.77 1.48 0.60 
34 
36 0.30 0.35 1.93 3.73 3.26 2.47 4.65 2.84 1.49 0.58 
38 
40 0.31 0.32 1.95 3.76 3̂ 24 2.35 4.65 2.80 1.48 0.61 
41.4 
44 0.30 0.33 1.94 3.76 3.25 2.34 4.82 2.70 1.52 0.60 
47.5 
'"̂2ri_48_̂_̂____̂  0.33 0.30 1.94 3.75 3.14 2.36 4.82 2.64 1.51 0.59 
Velocity in Relief Wells 
Well# 1 2 3 4 5 6 7 8 9 10 
Depth (ft.) 




0.32 0.32 1.99 3.65 2.85 2.24 4.57 1.46 0.52 
60 ' 0.32 3.55 2.50 2.10 ___̂4.36'~7 1.36 0.52 
62 
64 1.93 3.44 2.19 1.88 3.85 """" 1.13 0.47 
65 
66 0.96 0''.42 
68 0.32 0.33 1.90 3.38 1.97 1.45 2i4~'' 0.76 0.38 
70 0.50 0.32 
70.4 
70.5 " " 
71 
71.5 
72 """a33~ 033 1.78 3.30 ""T.75""" 1.08 2.09 0.22 
73 
74 0.10 0.12 
75 
75.9 0.09 
76 0.32 0.33 1.74 3.21 0.92 0.66 1.22 0.05 
77 0.31 
77.7 0.79 
80 0.31 0.33_ 1.65 2.75 0.30 
81.5 
Velocity in Relief Wells 



















Velocity in Relief Wells 
Well # 11 12 13 14 15 16 17 18 19 20 
Top Elevation 1611.36 1610.99 1610.78 1611.21 1610.91 1610.91 1610.88 1610.92 1610.99 1611.04 







13 0.24 0.26 0.17 
14 0.23 0.20 
15 ao7"~ "o7io "''"'"o.To 
16 0.12 0.10 0.22 0.12 0.22 0.14 0.28 0.20 0.16 0.20 
18 
20 0.11 0.10 0.23 0.12 0.22 0.13 0.29 0.22 0.16 0.13 
24 0.13 0.10 0.21 0.11 0.21 0.12 0.29 0.19 0.15 0.13 
26 
28 0.11 0.10 0.21 0.09 0.18 0.11 0.28 0.17 0.12 ""o7i2 
30 
32 0.11 0.11 0.20 0.08 0.18 0.11 0.31 0.17 0.11 0.12 
34 
36 0.11 0.11 0.20 0.09 0.17 0.10 0.31 0.16 0.11 0.11 
38 
40 0.10 0.09 0.18 0.09 0.16 0.10 0.32 0̂ 15 0.10 0.10 
41.4 
44 0.09 0.09 0.18 0.09 0.16 0.09 0.33 0.13 0.09 0.10 
47.5 
48 0.08 0.08 0.18 0.08 0.16 0.09 0.31 0.12 0.09 0.08 
Velocity in Relief Wells 
Well# 11 12 13 14 15 16 17 18 19 20 
Depth (ft.) 
52 0.08 0.06 0.15 0.10 0.16 0.10 0.32 0.13 0.09 0.09 
53 
54 '̂ '""0.08 
54.5 
56 0.09 "̂"'"0.05 '""'''adi oToT"'" a i s " 'd.io """"oil" ''ao8~ 
0.09 0.04 0.06 0.07 0.12 0.08 0.35 0.10 0.07 0.07 
^ 6 2 
64 0.08 0.01 0.05 0.07 0.11 0.08 0.36 0.10 0.06 0.05 
65 0.02 
66 
68___ 0.06 0.00 004 0.04 0.07 0.06 0.37 0.07 0.06 
7Z"'.""''7'o 0.02 
70.4 0.37 
^ 7 0 . 5 0.00 0.01 
71 -0.02 O'̂ 'M""""" 
71.5 0.02 
72 0.04 0.02 
73 0.02 
74 






Velocity in Relief Wells 
Well# 21 22 23 24 25 26 27 
Top Elevation 1611.09 1611.06 1612.74 1615.22 1619.46 1624.43 1628.12 










16 0.21 0.13 ....ML.... 0.30 6729 0.04 
18 
20 0.14 0.14 0.36 0.35 0.29 0.04 
24 0.16 0.12 0.23 6.26 0.26 __ao3_] 
26 
28 0.12 0.11 0.26 0.34 0.29 "o;o4"~' 
30 
32 0.12 0.11 0.23 0^2^ 0.26 " 6.65 
34 0.20 
36 o^n old" '"ail 7'" 03?"'"" '"""o;26 "'ad4" 
38 0.20 
40 '"""""d.id ~'ao8_̂ '̂ ^ _0.22̂ ____ ''""'"d̂'ii 0.21 0.04 ^ 
41.4 0.19 
44 0.09 0.13 0.20 0.21 0.04 
47.5. 0.03 
4 8 ^ 0.08 0.12 0.16 0.04 
Velocity in Relief Wells 
Well# 21 22 23 24 25 26 27 
Depth (ft.) 

















64 0.13 0.04 
65 
66 
































Figure 1: Seepage of Willow Creek Dam With Normal Pool Level, Groundwater Head of 1635ft. and Existing Relief Well 
Filter Permeability 
\
Figure 2: Seepage of Willow Creek Dam with a Crest Level Pool, Groundwater Head of 1635ft, and Existing Relief Well Filter 
Permeability 
Figure 3: Seepage of Willow Creek Dam with a TR-60 Level Pool, Groundwater Head of 1635ft. and Existing Relief Well 
Filter Permeability 

Figure 5: Seepage of Willow Creek Dam with a TR-60 Level Pool, Groundwater Head of 1626ft. and Existing Relief Well 
Permeability 






Figure 8: Seepage of Willow Creek Dam with a TR-60 Level Pool, Groundwater Head of 1635ft. and xlO Relief Well 
Permeability 
Figure 9: Seepage of Willow Creek Dam with a TR-60 Level Pool, Groundwater Head of 1640ft, and x2 Relief Well 
Permeability 













Figure 1: Willow Creek Dam Slope Stability at Normal Pool Level, Groundwater Head of 1635ft. and Existing Relief Well 
Filter Permeability 
T 
Figure 2: Willow Creek Dam Slope Stability at Normal Pool Level, Groundwater Head of 1626ft. and Existing Relief Well 
Filter Permeability 
Figure 3: Willow Creek Dam Slope Stability at Normal Pool Level, Groundwater Head of 1635ft. and xlO Relief Well Filter 
Permeability 
T 
Figure 4: Willow Creek Dam Slope Stability at Crest Pool Level, Groundwater Head of 1635ft. and Existing Relief Well Filter 
Permeability 
T 
Figure 5: Willow Creek Dam Slope Stability at TR-60 Pool Level, Groundwater Head of 1635ft. and Existing Relief Well Filter 
Permeability 
T 
Figure 6: Willow Creek Dam Slope Stability at TR-60 Pool Level, Groundwater Head of 1640ft. and Existing Relief Well Filter 
Permeability 
T 
Figure 7: Willow Creek Dam Slope Stability at TR-60 Fool Level, Groundwater Head of 1626ft. and Existing Relief Well Filter 
Permeability 
Figure 8: Willow Creek Dam Slope Stability at TR-60 Pool Level, Groundwater Head of 1635ft. and xlO Relief Well Filter 
Permeability 
Figure 9: Willow Creek Dam Slope Stability at TR-60 Pool Level, Groundwater Head of 1640ft. and x2 Relief Well Filter 
Permeability 
T 
Figure 10: Willow Creek Dam Slope Stability at TR-60 Pool Level, Groundwater Head of 1640ft. and xlO Relief Well Filter 
Permeability 
